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A bstract: 
The polymerase chain reaction (PCR) and fluorescence staining based diagnosis of 
malaria infect ion was attempted . 1 87  samples in two groups :  135 and 52 patients 
attending the Malaria Cl inic (preventive Medicine and Al-Ain Hospital, UAE) were 
col lected Two PCR systems; using small subunit ribosomal RNA (ssrRNA) based primers 
and merozoite surface antigen (MSP) based primers were assessed, taking the Giemsa 
stain as the reference test . 
The results of PCR using the merozoite surface antigen (MSP) primers specific for 
P. Jalcipantm, proved to be specific and accurate. These results were analyzed by agarose 
gel electrophoresis (AGE) and polyacrylamide gel e lectrophoresis (pAGE) stained with 
ethidium bromide and/or si lver nitrate which increases detect ion sensitivity. The accuracy 
of the PCR could be improved by nested priming. For t he ssrRNA PCR system the 
primers were not found to be specific for t he different malaria species since ribosomal 
genes have a high degree of homology between different species. 
Fluorescent staining showed a great promise in detecting the different malaria species and 
stages, but only acridine orange could be used routinely. 
It was concluded t hat PCR testing proved to be of a great value in diagnosing 
malaria when appropriate primers are available. It could be used successfully in detection 
of malaria in epidemiological surveys .  Fluorochrome staining could be further improved 
but could not replace Giemsa staining. 
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CHAPTER I 
INTRODUCTION 
1. 1 General introduction: 
Chapter I 
Introduction 
Malaria is one of the oldest known acute and sometimes chronic diseases 
(Henry, 1 99 1 )  caused by the protozoan parasite Pfasm
� odilfm sp. It is characterized by 
repeated fever either quotidian� tert ian or quartan depending on t he species, either P. 
jafciparul71, P. vi vax, P. ovale or P. mafariae, respectively. Malaria has been and is 
st i l l  one of the major public health problems. It has played an important part in the rise 
and fal l  of nations, as with the decl ine of the ancient Greek civi l izat ion, the halting of 
Alexander the Great's progress to the East and the destruction of some of the 
Crusades. It also played a role in both World War I and I I  where malaria caused more 
deaths t han did the battles ( Schmidt and Roberts, 1 989). 
Malaria now kill s  more than 1 . 5  mil l ion people each year, and between 300-500 
mil l ion others fal l  i l l  from it, of which one mill ion of deaths are children aged under 
five and pregnant women (Kondrachine and Trigg, 1 995). 
About (48%) of the world population l ive in areas where antimalarial measures are 
carried out, but in which many lack a sufficient ly developed health infrastructure, and 
remain under the constant threat of intensification and spread of specific malaria 
problems (\VHO, 1 987) .  
1.2 Literature review: 
Malaria causes high morbidity and mortal ity rates in untreated cases in  endemic 
areas throughout most of the developing world. This tropical and subtropical disease is 
d istributed worldwide with the existence of the suitable habitat of its vector the female , 
A nopheles sp. mosquitoes. According to the World Health Organization (WHO) 
malaria IS centered mainly between 45° North and 40° South (Fig. 1 . 1 ) (Henry, 1 99 1 ) . 
Countries which were originally non-malarious and those from which t he disease has 
been eradicated have remained malaria free on the whole. The overall world malaria 
situation remained stat ic over recent years, and it continues to be influenced by the 
resistance of vector to insect icide and parasite resistance to drug (WHO, 1 987) .  
Malaria i s  also a disease of mammals other than man, as wel l  as in birds and 
reptiles There is also some evidence of possible t ransmission of malaria from monkey 
to human The disease was given different names; intermittent fever, chi l ls and fever, 
Roman fever, Chagres fever, marsh fever, tropical fever, coastal fever, jungle fever, 
ague and paludism. The common name malaria was derived from the Italian words 
mal aria which stand for bad air whjch is associated normally with fever producing 
areas where it was t hought of as the relat ion between fever and swamps. 
The credit  of l inkjng malaria to Plasmodillm sp. is due to the French scientist 
Laveran who was the first to recognize the parasite in  the malarial patients red blood 
cell s  (RBCs). Later, Ross related the female mosquito of the genus A nopheles to 
malaria. The l ife cycle of the parasite in  man and mosquitoes was therefore become 
ful ly known early th is century (Fig. 1 -2) . 
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Figure 1 1 Epidemiological assessment of the status of malaria, 1 990. (Source. WIJO, Wid. I-Ilth. Statis .  Quart. 45 ,  1 992). 
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Figure 1 . 2 Life cycle of human malaria parasite (Source: Marquardt and demaree, 
1 985). 
4 
5 
1.2. 1 The world malaria ituation: 
According to the report of recent meeting on the clinical diseases of 
pathogenesis in  malaria held in  Ahungalla, Sri Lanka, 1 6- 1 9  January 1 994 under the 
sponsorship of the Rockfeller Foundation, Health  Science Division, the world situation 
is as fol lows' 
In South Asian region, t ransmission of malaria, which include both P. vivax 
and P. jalciparum (see Table 1 - 1 ), i s  focal but usually stable where it occurs, and the 
annual incidence rates are relatively low but may rise above 1 00%; i.e. exceed one case 
/person/year i n  some localities. 
In  Southeast Asia, cerebral and other forms of severe and complicated malaria are 
more frequent and also chloroquine and mult idrug resistance of P. jalciparum are 
widespread . 
Outside Asia, t he major population areas exposed to low or moderate malaria 
t ransmission are t he tropical and SUbtropical regions of South America (Fig. 1 -2 and 1 -
3). Bot h  P.  vivax and P. Jaldpantm are transmitted with the intensive economic 
development in new areas, where compl icated symptoms and resistance to the 
antimalarial chloroquine and other drugs is common in many regions. 
Unquestionably, t he heaviest transmission of malarial d isease fal ls  in tropical Mrica 
and New Guinea, except in highland, desert and some urban areas. Malaria is mainly 
found i n  the youngest age groups where P. Jalciparum infect ion counts for 96% of 
cases recorded as in Niaeria and most of West and Central Africa, and P. malariae , => 
accounts for the remainder. Whereas in  the eastern part of Mrica, P. vivax is also 
present. Chloroquine resistance of P. jalcipamm infect ion is spreading rapid ly and in  
parts of East Africa, chloroqu ine is totally replaced by sulphadoxin pyrimethamine. 
Age groups of six months-five years are the majority of symptomatic i nfections, with 
2% cases of complicated malaria, mainly cerebral malaria (Mendis and Carter, 1 995) 
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Table 1 . 1  umber of malaria cases reported (thousands), by WHO region, 1 983- 1 990 
(Source: WHO, Wld. hlth. statis. quart. 45,  1 992). 
WHO region 1 983 1 984 1 98 5  1 986 1 987 1 988  1 989 1 990 
Afiica 2726 4523 1 1 634 1 7442 1 9463 2 1 957  1 3 835  -
Americas 83 1 932 9 1 1 95 1 1 0 1 8  1 1 20 1 1 1 4 1 05 7  
South-East Asia 273 1 3004 2503 2689 2823 2789 2957 26 1 4  
Europe 73 62 57 47 28 24 2 1  1 2  
Eastern Mediterraneon 305 3 3 5  3 9 1  6 1 1 566 602 532  566 
Western Pacific 1 839  1 4 1 0  1 1 78 1 0 1 2  893 774 829 76 1 
TOTAL (Excluding 5779 5743 5040 5310 5328 5309 5453 5010 
Africa) 
- 0 available data. 
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Figure 1 . 3 Numbeer of malaria cases reported, 1 964- 1 990 (Source: \VHO
, \Vld. hlth. 
statis. quart. 45 ,  1 992). 
1.2.2 lV1ala ria classification and life cycle: 
The classification of Plasmodium sp. is still being revised as new data from 
molecular biology and other areas of biochemistry become available. 
The genus Plasmodlllm is an organism which belongs to the 
Kingdom: Protista. 
Sub-kingdom: Protozoa. 
Phylum: Apicomplexa. 
Class: Sporozoea. 
Sub-class: Coccidia. 
Order: Eucoccidiida. 
Sub-order: Haemosporina. 
Family: Plasmodidae. 
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The genus Plasmodium of the human malaria is grouped into four species; P. vivax, P. 
falc/parum, P malariae and P. ovale due to the differences in their stage features, 
pathology and their immunity and even the distribution among individual with certain 
genetic traits. Haemosporina parasites follows life cycle that involves: 
1 - lerogony (schizogony): merozoite formation in the vertebrate host; 
2- Gametogony: initiation of gametocytes (gamonts) in the vertebrate host, formation 
of gametes, fertilization and zygote formation in the arthropod host; 
3 - Sporogony: sporozoite formation by repeated nuclear division followed by 
cytoplasmic division in the arthropod host. 
For the malaria parasite, the intermediate and the definitive host are not defined, as 
asexual and sexual reproduction occurs in both the vertebrate host and the invertebrate 
host. 
The life cycle of the parasite starts from the feeding of the mosquito on infected human 
blood The blood contains mature micro and macro gametocytes (gamonts) of the 
parasite (sexual stages) that are initiated in the human blood), and schizonts (meronts) 
(asexual stage) that will be destroyed as a result of temperature reduction and blood 
pH change. Division starts in the microgametocyte (microgamonts) within minutes as 
the blood reaches the mid gut of the mosquito, and by exaflagellation it gives 6-8 male 
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Plate 1. 1 Appearance of malaria parasite stages in Giemsa stained film (Source: Gilles 
and Warrell, 1 993). 
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gametes Only one female gamete develops from the macrogametocyte 
(macrogamont) After fertilization, the resultant diploid zygote; which become mobile 
and is known as ookinete, moves towards the gut wall and embeds within it. In this 
stage it is called an oocyst which starts to divide several times to produce large 
numbers of sporozoites. Mature sporozoites rupture the oocyst wall and move toward 
the salivary gland and will then to be injected into human blood stream in the next meal 
of the mosquito. 
As the mosquito feeds on human blood it injects its saliva which contains 
heparin to prevent coagulation of the blood. Sporozoites are injected within the 
saliva of infected mosquito as well. The sporozoites disappear from the circulation 
few hours after the feeding where they start their exoerythrocytic cycle in the liver. 
In the epithelial cells of the liver (hepatic cells), the sporozoites start to feed and 
divide to produce schizont (meront) which contain different numbers of merozoites 
according to the different species. In P. vivax and P. ova/e, sporozoites can persist in 
the liver for months or years causing relapses. "Seasonal variation in the size of the 
mosquito population may explain the more limited distribution of P. ja/ciparum and 
P. ma/ariae . Neither of these species has the dormant liver stage (hypnozoite) that 
would ensure parasite survival in climates where mosquito breeding occurs only a 
few times each year (Howard et aI. , 1 987) .  
Because sporozoites are not likely to be present in transfused blood, relapses 
are unlikely to occur with transfusion or syringe acquired malaria. Eight days after 
infection the merozoite are released into the blood circulation and attack the RBCs. , 
The first stage in the RBCs is the ring stage which then develops into trophozoites, 
which develope to schizont (meront). Merozoites that are released from these 
schizonts (meronts) are able to invade new RBCs to start a new erythrocytic cycle. 
This process; of releasing merozoites and toxins, is responsible for the paroxysms of 
chills and fever typical to malaria. 
The erythrocytic stage continues unless stopped by innate immunity or by anti 
malarial drugs. This is not so with P. l7la/ariae, which is able to persist in the 
erythrocytic cycle causing recrudescence that may progress to a fatal event; this is also 
known in P. ja/cipal'lll77 infection (Schmidt and Roberts, 1 987). Little is known about 
10 
the factors effecting gametocyte (gamonts) production, which are able to survive in the 
blood circulation for 2-3 week as in P. jolcipomm or for only one day as in P. Vil'ClX, 
before infecting another mosquito (Fig. 1-2) 
The Anopheles mosquito is the natural vector for the malaria. Eight species of 
the known 60 infecting mosquitoes are considered as major vectors affecting human 
population. These are not only structurally distinct but have their own habitat 
preferences, developmental cycle, and host preference for blood (Howard et 01., 
1987) Malaria can also be transmitted by blood transfusion, contaminated needle or 
syringe among drug addicts and also placental transmission is proved. 
1 .2.3 Severe and complicated malaria: 
P. jalciporum, potentially the most lethal malaria species, has become resistant 
to the antimalarial drugs available for therapy and chemoprophylaxis in many areas of 
the world. This may be due to its clinical features and complexity that could progress 
to icterus, coagulation defect, shock, renal and liver failure, severe anemia, acidosis, 
respiratory distress, apparent disseminated intravascular coagulation (DIC), acute 
encephalopathy, pulmonary and cerebral edema which then lead to convulsions, coma 
and death 
These effects could be explained by (a) the sequestration of the infected RBCs in the 
inner tissue capillaries; as the surface of erythrocytes infected with P. jolciporum 
develop electron- dense knobs and adhere to the venous endothelium of the heart and 
other organs, (b) the resistance of the organism to the routine prophylaxis and therapy, 
and (c) its ability to invade RBCs of all ages This causes a high rate of reproduction of 
the asexual erythrocytic stages of P. jolcipomm. Also,(d) the parasatized RBCs are 
partially protected from destruction in the reticuloendothelial system. This may be due 
to the hypothesis that it is the only species thought to be derived from avian origin 
while others are derived from the simian monkey ( Brown and Neva, 1983). 
1 .2.4 Immunity and vaccination against malaria: 
The human body reacts to malaria parasites by reducing the number of 
parasites in the blood during a series of paroxysms. Natural acquired immunity arises 
only in endemic areas with repeated infection, but it could be lost with interrupted 
11 
exposure (Baird, 1995). atural resistance due to certain oenetic traits such as sickle ;:, , 
cell anemia and glucose-6-phosphate dehydrogenase deficiency (G6PD) provide 
protection against P. jafciparum malaria while the duffy blood group (negative 
phenotype) give complete resistance to P. vivax malaria. The mechanism behind the 
protective effect of sickle cell in heterozygous individual is due to the destruction of 
the parasites as a result of the needle like hemoglobin crystals that are formed in low 
oxygen environments in the inner tissue capillaries as well as potassium leakage from 
the infected RBCs. The protective mechanism of the G6PD is not fully known. With 
the duffy blood group negative the resistance is due to the absence of proteins that 
have a role in the attachment of the parasite to the RBCs surface receptor (Hommel 
and Crampton, 1995). 
Some observations suggest that severe malnutrition may decrease the incidence 
of malaria The same is observed with iron deficiency. There is also evidence of 
congenital immunity in new-born babies of highly immune mothers in endemic 
malarious areas of the world (Bruce-Chwatt, 1985). 
Recently Pat arroyo (1987), inventor of the first malaria vaccme known as 
SPf66 produced in 1987, showed some efficacy in field trials which was conducted in 
two entirely different situations suggesting that the vaccine may be effective in widely 
differing malaria settings. The vaccine has been shown to stimulate T cells, and the 
antibodies it induces do recognize real malaria parasites rather than just the vaccine's 
peptides (Maurice, 1995). 
1 .2.5 Diagnosis of mala ria: 
Diagnosis is the most important step lTI treatment, prevention and control. 
Accurate diagnosis is essential for successful treatment (Snounou et af., 1993b). 
Delaying the diagnosis not only endangers the individual patient but also increases the 
possibility that the infection may be acquired by the natural vector of the disease 
(Howard el at. , 1987) Delay in starting treatment of P. jalcipamm infection may 
result in development of complications or death in immunologically unprotected 
individuals, such as travelers or young children (Rickman eL at. , 1989). 
Malaria should be considered in all cases of fever in endemic areas or In 
patients who could have been exposed to malaria by mosquito bites or from other 
12 
routes of transmission such as blood transfusion, contact with blood contaminated 
needle or tissue/organ transplantation, or in travelers to endemic areas, as it might be 
confused with other diseases (e g. respiratory and intestinal infections, tonsillitis and 
meningitis, surgical of middle infection of an abscess or cellulite and the initial period 
of fever in many virus infection (Howard et aI. , 1987). 
However, the clinical symptoms are not sufficient In all cases to confirm 
malaria. This may be due to the common symptoms, such as fever and headache with 
other tropical diseases especially when malarial episodes are not totally synchronous. 
This is why laboratory analysis plays a very important role in the final diagnosis. 
Present methods of diagnosis of malaria infection range from the very simple to the 
extremely complex ( Bruce-Chwatt, 1987). The issues important in the detection are 
the rapidity, sensitivity and specificity (Mak et at. , 1992). Assessing the efficacy of 
control programs requires sensitive diagnostic procedures to identify foci of 
transmission, thereby facilitating appropriate application of limited malaria control 
resources (Barker et at. , 1992). Establishment of new diagnostic methods is a major 
goal in the malaria eradication program (Kawamoto, 199 1). 
1.2.5. 1 Light microscopy: 
Most laboratories rely on light mIcroscopy for diagnosis. The diagnosis of 
malaria requires demonstration of parasites on a blood smear, a technique little 
improved since its introduction in 1903 (Rickman et at. , 1989). 
Light microscopy was first used by Laveran in 1880 when he noticed Plasmodi7lm sp. 
in unstained blood smears from a malaria patients. Later, conventional staining were 
introduced by Romanowsky i.e. Geimsa and Field stain. Optical diagnosis came close 
to perfection in the 1950s (Bruce-Chwatt, 1987). It allows for the identification of 
both the parasite species and stage, as well as the possibility of rapid estimation of the 
level of parasitaemia, an assessment of the degree of concomitant anaemia, and the 
detection of other blood parasites. Although tedious, microscopy detection of malaria 
is important for the initiation of effective treatment, in monitoring response to therapy 
and in epidemiological studies of disease of human or animal hosts and in malaria 
control programs (Wilson, 199 1). 
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It is always a matter of clinical judgment thus the detection of a few parasites 
In blood film of a partially immune indigenous child in highly endemic areas 
demonstrates the presence of infection but it does not necessarily determine the actual 
disease for which medical aid was sought (Howard et a!., 1987). But the density of 
infection can be a valuable index (Gilles and Warrell et a!. , 1993). Several studies 
indicate that almost half of clinically diagnosed malaria patients do not have 
microscopically detectable parasitaemia in the low transmission seasons (Howard et 
a1., 1987) 
Clinical diagnostic criteria should be defined according to the local 
epidemiology, bearing in mind the transmission season, the age and sex of the patient 
(Gilles and Warrell et af., 1993). Prophylactics drug treatment are advisable especially 
when blood examination is not available (Howard et af., 1987). Unfortunately, this 
reduces the chance of detecting malaria parasites in the blood. 
As microscopy is universally used, its practicality makes it particularly suited 
for rapid diagnosis under field conditions (Snounou et af., 1993b). In endemic areas a 
thick smear is still the mainstay of malaria diagnosis and thin smears remain the 
diagnostic method of choice for species identification in acute cases or when the 
number of samples to be examined is small (Barker et af., 1994). 
Reading of the blood films is a sensitive method but time consummg and 
require an experienced eye (Wilson, 199 1), it is also labor intensive, where a highly 
trained technician can examine only 70-80 slides per day (Barker et af., 1992), 10 
minutes to screen through the 200 microscope flelds at lOOX objective (Mak et af., 
1992). Identification of species poses few problems to the experienced microscopist, 
except when one species is numerically dominated by another in a mixed infection 
(Snounou et af., 1993b). 
This has lead to intensive search for less expenslve, automated and rapid 
diaonostic methods' but still the Geimsa-stained thick blood smear (G-TS) is the ;:, ,
reference test, even if its sensitivity decreases in parallel with density of plasmodial 
infection (Caramello et a/., 1993). None of the new diagnostic techniques have the 
potential to replace entirely, in the immediate future, the combination of the trained 
human eye and the light microscope for the routine diagnosis of human malaria (Gilles 
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and Warrell, 1993). That is why new sensitive diagnostic methods are urgently needed 
(Barker et ai, 1994). 
1.2.5.2 Fluorescence technique : 
Microscopical applications other than the use of the Giemsa or Leishman stains 
with the light microscope, include fluorescence staining. Which involves use of 
fluorescent microscope. Light microscope can be used with the addition of interference 
filter as described by (Kawam9to, 199 1; Kawamoto and Billingsley, 1992), which are 
designed especially for acridine orange. Different fluorochrom stains can be used; 
acridine orange (AO), 4' , 6-diamino-2-phenylindole (DAPI) or 
benzothiocarboxypurine (BCP RNA-specific fluorochrom). These stains can be applied 
directly on a thick or thin blood film as will be discussed in Methodology or as in the 
Quantitative Buffy Coat Analysis (QBC) test. 
1.2.5.2(a) Quantitative buffy coat analysis (QBC) test: 
In 1983 the QBC tube was described for the rapid quantification of leukocytes 
in blood. For the malaria detection it is based on the fact that infected RBCs are less 
dense than normal ones and therefore concentrate in the top of the RBCs just below 
the leukocyte layer. As the parasite DNA takes up the AO and the RBCs do not, they 
are easily visible under UV light (Nlak et al., 1992). The acridine orange AO fluoresces 
green (535nm) and red (650 nm) when excited at 430 nm and 492-495 nm respectively 
(Kawamoto, 199 1). 
The QBC test involves the use of AO coated capillary tubes within which 
potassium oxalate, sodium heparin, EDT A and a cylindrical plastic float of the same 
specific gravity as that of the white blood cells (Spielman et aI. , 1988). The whole 
blood is collected and centrifuged at l4000g for 5 minutes. This can then be examined 
under a fluorescence microscope. It is said that the test takes less than one minute to 
diagnose malaria. It has been reported that QBC is rapid, sensitive and specific for the 
detection of malaria infection (Kumar et aI., 1993; Rickman et af., 1989), and it is easy 
to be learned and able to detect low parasitaemia (Bawden el al., 1994). 
The QBC sensitivity; when compared with monoclonal antiboy-based ELISA, 
was 94%; limit of detection was approximately 5 parasites/1 0
6 RBC (20 parasites/pi). 
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QBC could detect the mixed infection of P. jalCipamm and P. ViVDX. Only 4% of 
negative blood films were QBC positive suggesting that QBC could be used as the 
gold standard test instead of thick blood film (Tanpradist et al. , 1 995) . But the 
sensitivity was not the same applied in P. vivax detection, only 40% of the Giemsa 
thick film positive stain were QBC positive. The QBC technique was found to be 
slightly more sensitive than thin blood film but equal to thick blood film examination 
(Spielman et ol. , 1 988) .  When used for mass screening in field study, the test have a 
sensitivity of 70% for the diagnosis of malaria compared with 92% for a single thick 
blood smear (Rickman et aI. , 1 989) .  
The specificity of the test was as highly as  (98 .4%),  and the species identification was 
correct for 7 7% of samples (Rickman et af. , 1 989) .  In the study of Bawden et af. 
( 1 994) , sensitivity was found to be 97%; specificity was 97% in comparison to the 
thick blood film. 
According to Pomsilpatia et af. ( 1 990) study in Thailand, the sensitivity was found to 
be 99. 5% and the specificity was 94 .6% and species identification was correctly made 
in 78% of specimens and it could detect parasites as low as 3 - 5ht! blood (Mak et al. , 
1 992) . The QBC compared to the Giemsa stain was found to achieve a sensitivity of 
75% and 84%, respectively, with a specificity of 84% and 76%. There was no 
difference in the concordance of the 2 techniques with the actual diagnosis (80% vs. 
8 1 %) (Clendennen III et al. , 1995). The result of Wong sri chana Ii et af. ( 1 99 1) study 
shows that 8 5 . 2% of the samples found positive by Giemsa thick film and the AO the 
sensitivity of the later was found to be 78 .9% (Wongsrichanali et aI. , 1 99 1) .  The 
overall sensitivety of the test was 97%, 95% for P. ja/ciparum malaria and 76% for P. 
vivax (\Vongsrichanali et al. , 1 992) . QBC was better performed for P. jafcipamm than 
with P. vivax (Wongsrichanali et al. , 1 99 1; 1 992) . 
But in a study by Mak et af. ( 1 992) ,  the QBC was found to be not sensitive ( 56%) and 
could only detect as 40 parasites/�t! blood. Specificity was found to be 95% and 
species identification was correctly made in only 58% of specimens. 
QBC is preferred for its ease, reliability, speed, and fewer opportunities for 
error, long shelf-life of the staining reagent and its ability to detect low parasitaemia 
(Spielman et af., 1 98 8) .  It may be especially useful when evaluating a large population 
for fever in malarious area, especially when the technicians are inexperienced in 
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exammmg thick blood films for malaria parasites (Bawden el al. , 1994). QBC 
facilitates the diagnosis of malaria because of the comparatively large volumes of 
potentially infected blood that can be observed. Another advantage is that blood can 
be remo ed from the capillary tube and reexamined in conventionally stained blood 
films ( pielman et af., 1988). 
The limitations of this technique are the expenses; as each single QBC tube 
cost Dh 12. So the system can not be regarded as cost-competitive and the system is 
less robust under field conditions than conventional thick blood films (petersen and 
Marbiah 1994). It cannot quantifY parasitaemia easily and the specimens cannot be 
stored for future reference and for quality control purposes (Mak et al. , 1992; 
Wongsrichanalai el al. , 199 1; Caramello et af. , 1993). It cannot replace the classical 
thick blood technique for use in malaria control programs. 
Identification of species of malaria also posed some difficulties (Chodini et al., 
199 1). As it is known that in P. fafciparum infection, the early ring stage infected 
erythrocytes have an almost similar buoyant density to uninfected erythrocyte and are 
concentrated just below the buffy coat after centrifugation. Also its poor sensitivity for 
the detection of P. falciparum gametocyte which can be explained by the fact that 
gametocytes have a buoyant density similar to that of leukocytes and are found within 
the buffy coat, where it is difficult to distinguish parasites from leukocytes (Rickman et 
aI. , 1989). 
Although cheaper fluorescence microscope system has been developed, still it 
is prohibitively expensive for tropical countries where malaria is endemic (Kawamoto 
199 1). It may be of value in developed countries as a supplement (petersen and 
Marbiah 1994), but it is not a substitute for the blood smear as species identification is 
imperfect, (Rickman et al., 1989), and that is still the corner-stone of malaria diagnosis 
(Petersen and Marbiah, 1994). 
1.2.S.2(b) Direct acridine orange Staining: 
The Acridine orange moiety binds to DNA II1 reversible non-covalent 
interactalative fashion (Bowler e/ aI., 1989). Acridines were an ideal choice, since 
many varieties are commercially available, and the intact ring system is easily 
functionalized with side chains at either the C9 or N lOring positions (Fig. 2-2) AO 
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was selected because it is one of the best characterized at the 1 0  atom without 
concern for reaction at the dimethylamino substituents. Quartemizaion at NI0 as 
opposed to functionalization of C9, was preferred because the crystal structure of AO, 
intercalated into a self-complementary d(CpG) sequence, clearly shows that NI0 
projects into the major groove of the DNA. DNA binding moieties then react 
independently in the major groove of the double helix (Bowler et at. , 1 989). 
AO exhibits a red shift in its visible absorption maximum upon binding to DNA 
(Bowler et aI., 1 989) .  Acridine 
_
orange is known to nick DNA in the presence of light. 
Given the efficiency of the nicking reaction, it should be possible to use the AO moiety 
of compound as an internal, photoactivated "molecular scissors" (Bowler et af. , 
1 984). The AO staining solution is stable for a year when kept in the dark even in the 
tropics, moreover; AO stained specimens can be restained many times either with AO 
or with Giemsa after rinsing in methanoL Fluorochrome staining is much easier for 
inexperienced workers and less time consuming compared to conventional stains 
(Kawamoto and Billingsley, 1 992) . Most of the criteria of species identification 
normally applied to conventional staining, may also be applied to the AO staining 
except for pigments and cilia, and parasitaemia could be evaluated easily at 20-40 X 
since all the parasites are fluorescing in a dark background. The malaria parasites 
could easily be distinguished from leukocytes because of the pronounced differences in 
size, shape, and staining properties. But due to its high cost and requirement for 
fluorescent microscope it may not have the potential to substitute the conventional 
methods, especially in developing countries. The recent development of cheaper 
fluorescent microscopes and the introduction of the interference filters (a multi-layerd 
excitation filter combined with a barrier filter) to be attached to an ordinary 
microscope minimize the main drawback of the expences and cost (Kawamoto, 1 99 1 ; 
Kawamoto and Billingsley, 1 992). Even at low parasitaemia «0.0002%; 1 to several 
parasites/ thin smear), parasites can be easily detected within about 1 5  minutes if the 
whole of each thin smear was scanned (Kawamoto 1 99 1 )  Artifacts or pigment dots, 
which are frequently troublesome in the Giemsa stain, cannot be seen, and the AO 
mostly did not react with erythrocytes and platelets, the morphology of fluorescing 
malaria parasite in the dark field is easily identified at lower magnifications 
(Kawamoto, 1 99 1 ;  Kawamoto and Billingsley, 1 992) . 
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Additionally, rapid detection of Trypanosoma brucei and microfilaria of Brugia 
malayi and B pahang! from thin blood films was also much easier than by Giemsa 
staining 
The results of Delacollette and Van der Stuyft ( 1 994) study indicate that direct 
AO staining for malaria diagnosis in the field is feasible, albeit cumbersome 
(Delacollette and Van der Stuyft, 1 994). It is not more effective than Giemsa stainino ;::, 
(Chodini et al. , 1 99 1 ), and both approaches fall short of the superior sensitivity of the 
QBC method. Direct AO staining is rapid and this may enable quicker and more 
efficient diagnostic confirmation, but in most setting time saving will not necessarily be 
translated into saving in labor cost (Delacollette and Van der Stuyft, 1 994) .  
1.2.5.2.( c) The 4' ,  6-diamino-2-phenylindole (DAPI-PI): 
This dye proved to be useful, parasites were easily recognized and their 
morphology was preserved in thin and thick smears. It allows more rapid evaluation of 
thin smears as compared with Geimsa staining and enables recognition of parasites in 
case of low- level parasiaemia (CarameJlo et al. , 1 993) .  
The DAPI-PI stain behaves like a monoclonal antibody, selectively binding the parasite 
structure and increasing the chance of detecting the parasite (Caramello et ai. , 1 993) .  
Observation of the morphology of infected red blood cells is  also possible, and the 
parasitaemia can be counted easily at 20-40 X obgectives. 
1.2.5.2.( d) Benzofhioca rboxypurine (BCP) : 
This dye intensely stains nucleic acids, it does not penetrate viable WBC but 
does stain these cells following fixation. RBCs membrane is freely permeable to this 
dye and consequently P. jalciparum is stained within the RBCs. Parasitaemia ranged 
from 0 .0 1 %  to 30% were successfully detected (Makler et al. , 1 99 1 ) . 
BCP is freely soluble in methanol, has an emission peak on nucleic acid binding at 520-
540 nm BCP has an affinity for nucleic acids and readily stain fixed preparation of 
WBCs Reticulocytes stain to some extent with a unique punctuate pattern. The sexual 
forms of the parasite also stain but this staining is less intense than that of the asexual 
forms BCP staining is of value in additional applications of malaria detection (Makler 
el a/. , 1 99 1 ) . 
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Inexperienced laboratory technologists were able t o  detect parasites at a concentrat ion 
of I per 1 00,000 RBCs (0.00 1%) in wet preparations. The t ime for evaluation was 
l imited to 2 min/sample for this study. Al l evaluation were made using a standard 40X 
object ive The dye is stable at ambient temperature and can be dried onto a coversl ip 
for storage and the sensitivity i s  at least equivalent to that of Giemsa stain. A stable 
pre-stained sl ide system that remove the need for use of BCP as a l iquid stain 
appl icat ion is now available (Makler et aI. , 1 99 1 ;  Cooke et aI. , 1 992). 
1.2.5.3 Serological tests: 
The i ntroduction of serological methods in malaria diagnosis in 1 960s was a 
major advance ( Bruce-Chwatt ,  1 987) .  The availabil ity of monoclonal antibodies lead 
to a great improvement in thi s  field. It is interest ing because blood i s  conveniently 
sampled, and because detect ion is feasible even when the parasite i s  absent or in low 
count (Mclaughl in  et aI. , 1 992). It provides a retrospective confirmation of malaria 
i nfection or h istory (Gi lles and Warell 1 993 ). The prevalence of naturally i nfected 
A nopheles species can be determined by means of an immunoradiometric assay 
(IRMA), or by enzyme-l inked immunosorbent assay (ELISA) test ( Bruce-Chwatt, 
1 987) .  The d isadvantages of these methods are that they do not give positive results in 
the acute case when the immune response to the infection has not yet reached a certain 
detectable level . These methods can also give false-posit ive results when antibodies 
persist in a patient wit h  an old infect ion. However these methods may have importance 
in the screening of individuals with asymptomic malaria, when infect ions are few and 
parasites are scanty, to diagnose hyperactive malaria splenomegaly, for blood donors 
and for epidemiological surveys. It is  important to assess the period prevalence in 
some populations, trends of transmission, and detection of malarious foci after malaria 
eradication activit ies. It is  hoped that the cloning and expression of genes that include 
parasite-specific immunodominant peptides and the use of monoclonal antibodies will 
increase the specificity of these assays (Wilson, 1 99 1 ) . 
However, no clear correlation could be obtained between parasi taemia and the 
amount of c ircu lat ing ant igen. Al so the level and duration of the antibody following an 
infect ion depend on the severity of the parasitaemia, and the reinfection, and t he early 
treatment of the non-immune patient (Gilles and Warrel l ,  1 993 ) .  
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1.2.5.3. 1 Indirect fluorescent antibody test ( IF  AT): 
This test was introduced in 1 962. It consists of using both heterologous and 
homologous antigens for the detection of parasite antibodies. 
Homologous ant igens used in IF AT consist of a film of human malaria parasites of 
named species, from monkey parasite or from in vitro blood culture. Heterologous 
have a wider range of antigenic determinant and the malaria parasites of monkeys are 
used. This test can give a visulized picture of the parasites used as an antigen. It can 
easily be prepared and stored for long period.  
Serial d i lut ions of the test serum are appl ied on the test s l ide consist of a film 
of infected blood. A fluorescence labelled ant ihuman globul in with fluorescene 
i sothiocyanate is appl ied then read by fluorescent microscope. The t i ter is given for the 
last fluorescent d i lut ion of the ant ibody present .  After the first attack of malaria, i t is  
usually possible to detect antibod ies for about 6 months; with the IF AT, serum t iter of 
1 /2 -6 and higher indicate recent p lasmodial infect ion within the past 2 months, and 
t i ter of 1 :  64, 1 :  1 6  and 1 :4 covered attacks around 2-6 months, 9 months, and one year 
prior, respectively. Whereas t iter below 1 120 are of doubtful significance (Gilles and 
Warrell , 1 993) .  Samples can be collected in a capi l lary tube or spotted on a filter 
paper 
Agreement for t he IF AT diagnosis with microscopic parasite was confirmed. It 
seems that P. vivax t iter tends to persist longer than the P. jalciparum. The FIAT 
should be the standard reference technique to estimate the rel iability of any new 
serological method (Kano et at. , 1 990). 
1.2.5.3.2 Enzyme- linked i mmunosorbent assay (E LISA): 
ELISA test is simi lar in concept to the IF AT. It is based on the use of a coated 
tube or p late with a soluble antigen that the serum test will be incubated with. An anti­
antibody specific globul in labeled -v;ith appropriate enzyme is added, then an enzyme 
substrate is added too. Change in color is proport ional to the ant ibody concentrat ion in 
the test serum Alkaline phosphatase is the enzyme used conjugated with ant ihuman 
globul in, and paranitrophenyl phosphate serves as the indicator. 
This colorimetric method enables testing large number of samples that can be 
detected visually or more accurately with a phorometer (Gilles and Warell , 1 993) The 
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d isadvantages of th is  method i s  that the ant igen i s  difficult t o  standardized and the 
detection of low level of antibodies is  less accurate than with the IF AT. ELIZA has 
also been employed in antigen detection (Gi l les and Warrel l ,  1 993) .  The malaria 
antigen ELISA is highly specific and sensit ive for P. jalciparum infections and it  is 
reliable in screening of large number of samples as in  the study of Vol ler et al. ( 1 994) 
98 .4% of the P. jalcipantm samples tested were positive by ELISA, and 2 of the 4 
negative were only gametocytes (gamonts). Non of the P. malariae and P. ovale and 
one of the P. vivax samples tested gave a posit ive result with the antigen ELISA 
specific for P. jalcipantm.  Out of the total 1 400 negative sample  with Giemsa stain 
method 1 84 were positive with the ant igen ELISA, 3 1  % of them were positive in the 
previous days with Giemsa. This may be explained by the presisitance of the antigen 
longer period after the wash out of t he parasite (Voller et aI. , 1 994). 
In the study of Tanpradist et af. ( 1 995),  the detect ion l imit  of the monoclonal 
antibody-basd ELISA for P. jalcipantm was 40 parasites/�tl RBC. The sensit ivity was 
4 t imes less than t hick blood fi lm assay but under field condit ion it was found to be 2 . 5  
t imes more sensitive than t h e  thick b lood fi l m  (detect ing 8 parasites/pi) .  ELISA 
sensit ivity was found to be 78 . 1 % which can be explained by the two factors the low 
parasitaemia, and the  antibody that could not detect the gamont (gametocyte). 
This assay was also not specific for P. jalciparum, and false positive result was 
reported due maybe to mixed infection or to the unspecified reaction of the 
monoclonal antibody with epitopes of P. vivax. The entire process of ELISA takes 
about 26. 5 hours which could be cut down to 1 2 . 5  and 8 hours if  the p lates were 
prepared in advance or cutting the reaction t ime respectively (Tanpradist et aI. , 1 995) .  
1 .2.5.3 .3 Antigen solid-phase inhibition radioimmunoassays: 
Which can be done in  the same way as ELISA. It have been used to 
demonstrate parasite antigens. It is useful in  detect ing low parasitaemia in  the range 5-
50 asexual parasites/�t 1 ,  and in  the field it could detect as low as 1 asexual parasiteshLl 
(Gi l les and Warre l l ,  1 993)  
The use  of radioisotopes l imit their use In  the  feild and only be  used by trained 
personnel 
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1 .2.5.3 .4  The indirect haemagglutination ( IRA) :  
This test i s  more appropriate a s  a field method a s  i t  does not requ ire a 
fluorescent microscope. The presence and the amount of malaria ant ibodies are 
indicated by the serum di lution leadino to aoolutination u Ov ) 
specificity i s  less satisfactory. ( B ruce- Chwattt, 1 985) .  
but i ts  sensit ivity and 
1.2.5.3.5 I m muno-precipitation techniques (doub le gel diffusion tests): 
This i s  used mainly to identify the antigens formed due to i nfection, but sti l l  
used to study antibody response. The test has high sensit ivity, but  as  a research not  as 
a d iagnostic tool .  The test sera are al lowed to diffuse against soluble malaria antigen in 
agar gel, the  precip itation bands number reflect the i ndividual level of immunity or the 
exposure of t he community to the amount of transmission. The disadvantages of this 
t est is t hat the antigen i s  not easy to standardize and its accuracy of detecting low 
ant ibodies l evel t han i n  the IF A test ( Bruce- Chwattt, 1 985) .  
1 .2.5.3 .6  ParaSight-F
R
CPFT): 
Antigen detection (a dipstick method) the parasight-FR test (PFT) has become 
available. A monoclonal antibody against the histidine rich protein-II (HRP-II) of P. 
falciparum is fixed to the dipstick, if  the (HRP-II) is present, a red l ine wi l l  appear. It 
is a chromatographic immunoassay (Dietze et al. , 1 995) .  
The test i s  sensitive and specific and easy to learn and perform and provides an  answer 
in 1 0  minutes. It is P. falcipamm specific, microscopy ski l l s  are not demanded and 
differential d iagnosis of each malaria type was feasib le at the early stage as well as the 
later stage of infection (Kano e/ al. , 1 990) . 
Quant it ive analysis is obtained by companng the resu lt ing color with the 
control color :  scale from 0 to 4 grades is used ; 0 resempling negative sample, l faint 
pink, 2 as half the i ntensity of the control color, 3 as 75% and 4 the same as the 
control color (Dietze et al. , 1 995) .  It has a sensit ivity of 92 .4% and a specifity of 
87 . 5% False positives may appear when people had been treated for malaria infection 
within the past week. False negative results in cases with low-level parasitaemia. In 
most cases, the test does not remain positive for more than a week after parasite 
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clearance (Shiff et aI. , 1 994; Beadle eL aI. , 1 994). In comparison with t he QBC test, it 
was found to be same in detecting P. ja/ciparum but in  P. vivax detection, a task that 
PFT is not designed to perform (Dietze et aI. , 1 995) .  
The addit ion of P. vivGX monoclonal antibodies wi l l  make it very comparable 
with the convent ional stain (Dietze et ai , 1 995) .  This test has opened up a new vista 
for the malariologist, particulary in the field (Shiff et aI. , 1 994). It i s  hoped that the 
cloning and expression of genes that incode parasite-specific immunodominant 
peptides and the u se of monoclonal antibodies wil l  increase t he specificity of these 
assays (\Nilson, 1 99 1 ) . 
1.2.5.4 l\ Io Iecular biology based diagnosis: 
The fast development of molecular biology has already provided the basis for 
several new test systems for the diagnosis of malaria in  humans (Gi lles and Warrel l ,  
1 993) .  The most recent approach in  t he detect ion of the Plasmodium species i s  based 
on D A characterization, either by probing a specifi c  sequence of t he pathogen DNA 
or by amplifying it by t he polymerase chain react ion (PCR). The latter is the one used 
in th is  study and wi l l  be further discussed. 
1.2.5.4. 1  DNA p robes: 
A DNA probe is a single stranded DNA that contain hundreds of copies of a 
specified nucleotide sequence of a family of 2 1  base pair [nucleotides, bp] of tandem 
repeats unique to a species of organism used in the detection (presence or absence) of 
such a sequence. This target sequence is natural ly repeated many t imes in the genomic 
DNA of the organism. The hybridizat ion is a react ion based on denaturing and 
renatu ri ng of the complementary DNA strands that only the probe can hybrid ize to. 
The detection of t his  reaction product is by photographic or optical means, as the 
probe has been labeled with an indicator such as radioisotope or colorimetric ind icator 
enzyme. 
The DNA probe technology was introduced in the 1 980s but has never been a 
routine tool because it involves a whole new level of complexity with no gain in 
sensit ivity or specificity. DNA probes detect t he current not former infection l ike the 
serological methods. It offers a significant advantages in certain applications and 
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allows for screenmg large amounts of samples which is very important in 
epidemiological studies (Wilson, 1 993) .  Sensit ivity of D A probes used for detection, 
range from 50 to 5000 parasit ized RBCs/�d, the level of parasitaemia detectable by an 
expert microscopist (Sethabutr et ar , 1 992). 
Some radiolabeled probes can be comparable to mIcroscopy for malaria diagnosis 
(Barker et ar , 1 989). It can be strain specific as wel l as being species specific using 
methods of Southern blot hybridizat ion and chromosome analysis. There are also some 
probes that can d ifferent iate b!tween drug-resistance and drug-sensitive parasites. In 
this method not only DNA is used but RNA can be used as a target for the 
hybridizat ion. RNA probes should allow differentiation of different parasite stages 
since different RNA sequences are l ikely to be expressed during each stage of the 
parasite l ife-cycle. 
The disadvantage of this is that the assay i s  less specific as the ribosomal RNA 
genes may be conserved between related species. RNA is  also less stable t han DNA 
requiring much more careful handl ing (Bruce-Chwatt 1 987 ;  Waters and McCutchan, 
1 992 ; 'vVHO, 1 986) . Problems of sensit ivity, the l imited shelf l ife of reagents, and 
diffIculty of appl ication remain as obstacles to the use of such diagnost ic procedures 
(Spielman et ar , 1 988) .  Unfortunately the nonisotopic systems have proved to be of 
l imited use in the development of routine, diagnost ic nucleic acid probes because the 
sensitivities reported are less than the isotopic ones (cited from McLaughlin et 01. , 
1 987 ;  Holmberg et ar , 1 986 by Wilson, 1 99 1 ) .  
The subst itution of colorimetric with chemiluminescent substrates has increased 
t he potential sensitivities of many of these nonradiolabelled systems (Wilson, 1 99 1 ), 
which hold prorruse to be pract iced on the field conditions. 
DNA hybridization is , on the whole, insensitive and to maximize the sensit ivity a 
repeated sequence must be targeted (Wilson, 1 993) .  These assays are confined to 
research laboratories and have failed to be implemented in  the general diagnostic 
laboratory (Wilson, 1 99 1 ) . But sti l l  the use of DNA probes permits batchwise 
processing by a single technician of up to several thousand samples per day, making 
such methods especially wel l suited for epidemiological studies 
1.2.5.4.2 PoJymera e chain reaction (peR): 
Before 1 988 ,  hybridizat ion with nucleic acids probes was the only avai lable 
nucleic acid-based technique for the detection and diagnosis of i nfectious agents, but 
then PCR became the a lternative that is sensit ive and specific (Wilson, 1 993). 
PCR i s  defined as "an ;n vitro enzymatic  synthesis used to amplify a target 
D A or RNA sequence from small amount of start ing material " .  Start ing wit h  one 
copy of D A, and a typical 30 cycles amplification ends with a bi l l ion copies of the 
target D A. This react ion is mediated by the presence of ampl ifying enzyme; t he DNA 
polymerase. The principal of the enzyme action is based on t he presence of two 1 5-30 
bp oligonucleot ide primers, not typically complementary to each other. These primers 
hybridize to complementary sequences on opposite strands of a DNA fragment and 
flank the target sequence. The cycles of the amplification start with the double 
stranded D A separat ion by heating (denaturat ion) and the two primers are al lowed to 
bind the 3i end of t he target DNA (annealing) . Then the DNA polymerase starts to 
copy each strand at the p rimers site from 5 '  to 3' by the addition of deoxynucleoside 
t riphosphate (dNTPs), which is in a huge excess in  the medium. This step is known as 
the (extension) step in which al l  previously synthesized products act as a template for 
new primer-extension react ions. The whole process is based on t he repetitive cycling 
(25-45)  of denaturat ion (95°C), anneal ing (37- 5 5°C) and extension (n°C) (Fig l -4), 
the conditions of which vary and controlled by the anneal ing temperature and t iming 
(Eisentein, 1 990). 
This technique was devised by Kary Mul l i s  in the mid 1 980s, and i t  has 
revolutionized molecular genet ics by making possible a whole new approach to the 
study and analysi s of genes (Watson et aI. , 1 992). It also great ly influence medical 
sciences and recent ly forensic medicine and law. DNA in fixed pathological specimens, 
buccal cel ls from mouth washes, human hair, a single lymphoid or sperm cel l ,  or 
ancient mummies can now be analysed (Eisentein, 1 990). 
The d iscovery of the highly thermostable DNA polymerase of the bacteria 
Thernllls aqlfal;clfs (even at 94°C) allows automat ion of the process and improves the 
specificity and great ly increasing rel iabi l ity, precision, convenience, and productivity 
with respect to most laboratories (Bloch, 1 99 1 ) . It is known that in vitro Taq 
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polymerase does not have this proofreading capabi l ity and using the temperature and 
salt concentrat ions typical of a PCR the enzyme incorporates one incorrect nucleot ide 
for about every 2 x 1 04 nucleotides incorporated (Watson et af. , 1 992). An optimum 
target is less than 1 Kb, but bigger fragments can be amplified . Targets as long as 3000 
bp have been amplified sufficiently (B loch, 1 99 1 ) . The PCR assay i s  not quantitat ive, 
and consequent ly the product yield does not correlate with the level of parasitaemia 
(Snounou et aI. , 1 993b) .  
The use of the polymerase chain reaction in  malaria diagnosis allows us to 
distinguish between different malaria species using appropriate primers. The primers 
that are used in t he PCR used here are of a specific merozoite surface protein of 
Plasmodl1lm jalc;parum (Major Surface Protein or MSP), which only anneal with 
falciparum DNA samples (Fig. 2- 1 ) . For maximum sensitivity and specificity the 
react ion i s  often performed in 2 steps (so-called ' nesting' p rimers are replaced by a 
primers pair definding a target that l ies within the sequence specified by the origi nal 
primer pair), which also i ncrease cost and manipulation (Wilson, 1 993) .  For that 
nested MSP 1 and MSP2 are used for P. jalciparum. 
Other nested primer system for the four species used (include rPLU5lrPLU6 in 
the first amplification and rPF 1 lrPF 1 ,  rPV 1lrPV2, rPM 1/rPM2, rP0 1 lrP02 for the 
second ampl ification), which are specific for the smal l subunit ribosomal RNA genes. 
With th is system, PCR product, has proven to be more sensitive and accurate than the 
routine diagnost ic  microscopy (Snounou et al. , 1 993a,b ,c) .  It allows unequivocal 
detect ion and identification of all four species of the human malaria parasite (Snounou 
et al. , 1 993b) .  Using this system the detection limit for P. jalciparum was between 1 
and 4 parasites i n  50 �t 1 b lood, while for P. v;vax was between 40- 1 30 parasites in  50 
fll b lood (Hang et ai , 1 995) .  By using a mixed 4 primers, both P. jalciparum and P. 
v;vax could be detected in t he same blood sample (Hang et o/. , 1 995) .  The method is 
sufficiently sensitive to detect a 1 % contamination of one strain with another (Wooden 
et al. , 1 993) .  
PCR is found to be sensitive 1 00% when compared with thick blood film and 
87 . 5% when compared with acridine orange staining by QBC (Long et al. , 1 995) .  
Sethabutr et al. ( 1 992), used the K 1 - 1 4  amplificat ion system for P. jalcipamlJl, DNA 
fragment of 206 bp was detected, and in the CS system DNA fragment of 800 bp was 
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detected . 95% and 93% could be identified by these two systems respectively, both 
identifY as few as 1 1  parasites/ill .  Using the DNA of cloned repetit ive DNA sequence 
specific  for P. jalc/parum, smaller amount as l itt le as 0 . 0 1  pg. of DNA present in a 
single merozoite could be detected. K 1 - 1 4 and CS systems could detect 0 .00 1% and 
0.0 1  % parasitaemia respect ively, from 30% suspensions of cultured orgarusms and 
0.0003% and 0 .003% parasitamias from 30% suspensions of the fresh i solate using 
D A probelPCR assay (Sethabutr et al. , 1 992) . The systems was found to be more 
sensit ive than microscopy, giv0g posit ive react ions � 1 day after a thick fi lm had 
become negat ive (Sethabutr et al. , 1 992). Pred icted PCR products were readily 
processed from blood with much fewer than 404 ring stages of P. jalciparum per ill 
(Warhurst et al. , 1 99 1 ) . With PCR technology it i s  now possible to identify the 
sources of blood meal s by restriction fragment length polymorphism analysis (RFLP) 
(Ash, 1 992). 
For P. vivax the sensitivity was 93 .3%, specificity of 1 00% and for P. 
jalciparum the sensitivity was 1 00%, specificity of 1 00% as conducted by Hakim et al. 
( 1 995) .  The technique used by Hakim et af. ( 1 995), was quite sensitive and specific; it 
may be useful with early ring form parasites and when different iation of species is 
difficult even by experienced microscpists, and also with mixed infections when one 
species may be missed owing to the relat ive abundance of the other (Hakim et al , 
1 995) The method described by Kawai et af. ( 1 993) ,  is similar to the ELISA in that 
label led PCR products at the 5 '  termini are hybrid ized with probes immobilized on a 
rrlicrotiter wel l  and the bound PCR products are detected in  a manner sirrlilar to that of 
an enzyme i mmunoassay (EIA). This method Increase both the immobi l ity and 
hybrid ization efficiency, in that single-stranded DNA in which the sensitivity can 
increase to 1 0  folds. Therefore this method is suitable to handel a large number of 
samples (Kawai et aL. , 1 993) .  During treatment the PCR systems, convincingly 
demonstrated that P. jalcipamm DNA was present t ransiently in the blood of infected 
patients at a t ime when the parasi te could no longer be detected microscopically 
(Sethabutr et af. , 1 992). 
One of the most important appl ications of PCR is in the detection of 
pyrimethamine-resi stance, which i s  defined by local ized specific mutations in  the 
dihydrofolate reductase gene (Wilson, 1 993 ; Gi l l s  and Warrel l ,  1 993) .  
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PCR is  not practical in the field as there are needs for considerable trainina 0' 
equipment, and expert ise are required (Sethabutr et aI. , 1 992). The D A in the dried 
blood spots was stable and easily stored and no loss of sensit ivity after storage for 6 
months at ambient temperature. Negative samples might be either due to the treatment 
not being adequate to expose the DNA for amplificat ion or that t he DNA had 
degraded after col lection (Long et al. , 1 995) . PCR is preferred when sensitivity is the 
overriding requirement and i s  part icularly suited to i ndividual patient diagnosis 
(Wilson, 1 993) .  The system can be cost effective and can be practiced under field 
conditions in  developing countries as the practice in Viet Nam by replacing the 
thermocycler with three water baths and one technician (Hang et al. , 1 995) .  The major 
l imitation of PCR with respect to screening for genet ic variation l ies in the effects of 
infidelity (Bloch, 1 99 1 ), i ts complexity and cost (Wilson, 1 993) .  Cross-contamination 
with t rue positive samples is also a major complication. 
Alt hough i t  i s  sensit ive, its sensitivity in cl inical detection depends on the 
amount of sample which can be added to the reaction without causing i nhibition 
(Wilson, 1 993) .  Non-target single stranded DNA and 1 5 -30 bp primers can anneal 
p romiscuously at room temperature in PCR solvent, as Taq polymerase I is active at 
room temperature (B loch 1 99 1 ) . Taq. polymerase can also be inhi bited by many 
components, the nature of these inhibitors is poorly understood, but they consist of 
both intrinsic and extrinsic factors; the intrinsic factors include intracel lular substances 
such as porphyrin ring of heme which is thought to bind to the Taq 1 polymerase. 
Extrinsic factors include anticoagulants such as heparin and chealat ing agents such as 
EDTA, which are used to prevent degradation of target DNA (Barker et al. , 1 992) as 
partly purified DNA can contain trace amount of protein denaturants and i nhibitors 
(Warhurst, 1 99 1 ) . 
1 . 2.6 lV Iolecula r Biology of the Pa rasite: 
The abi l i ty of malaria parasites to adapt and survive environmental changes, 
drug pressure and host immune response has hindered malaria control programs. There 
is a concomitant requirement for a knowledge of the nature and extent of genet ic 
diversity within parasi te popUlations (prescott et aI. , 1 994) .  
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As P. ja!ciparum happened to be the most important species of the human malaria 
parasites, an intensive work was conducted to study its molecular biology. It has 1 4  
chromosomes that are compartmental ized into conserved and polymorphic domains. 
The chromosome ends play a functional role in generating the genet ic diversity 
(Lanzer et af , 1 994). 
The unique organizat ion of P. jafcipamm chromosomes could provide the parasite 
with the means to generate a high degree of genet ic diversity among antigen encoding 
genes (Lanzer et a f. , 1 994). 
Different geographic isolate of P. jafcipantm display a high degree of strain dependent 
polymorphism. Size variat ion suggest the functional role in the survival of the parasite. 
The merozoite is briefly accessible to ant ibody between the t ime of scrnzont 
rupture and erythrocyte i nvasion, and therefore the surface may be the target of 
antibody t hat interferes with recognition and invasion of t he RBCs (Holder and 
Blackman, 1 994) and so, i t  i s  proposed that the merozoite surface antigen or protein 
(MSA or MSP) are involved in  b inding to the RBCs surface as one of t he determinants 
of RBCs recognit ion and attachment . The MSA-2 of P. jalciparum is a 45-52 kDa 
integral membrane protein located on the surface of the merozoite (prescott et af. , 
1 994). 
The MSP genes are specific to t he species; even strain specific, and so i t  show a rngh 
degree of polymorphism t hat could be detected by PCR system using primers for t hese 
genes. As used in t hi s  study MSP primers of the P. jalciparum are specific for this 
species and only give a product in i ts presence. A band of about 500bp i s  obtained 
u si ng t he MSP- 1 p rimers. A nested primers for this system (MSA-2 or MSP-2) show 
more specificity and polymorphism. MSP-2 size polymorphism has been uti l ized in the 
distinction of parasite c lones (prescott 1 994). MSA 2 (MSP-2) has two al lel ic gene 
fami l ies the 3D7/CAMP and FCQ-27 famil ies. 
Dimorphic-forms specific PCR (DiFS), which can be used to differentiate the 
main MSA- l and MSA-2 famil ies in small volumes of P. ja/ciparum infected blood has 
been described by Reeder and Marshall ( 1 994) .  The ident ification of a worldwide 
distribut ion of MSA-2 sequence without radically different forms is encouraging since 
it provides further evidence that the inclusion of representative forms of MSA-2 genes 
in a vaccine should have a worldwide applicability (Prescott e/ af. , 1 994). The RFLP 
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al lowed ident ification of allel ic famil ies and further distinction within the 3D7/CAMP 
family (Prescott et af. , 1 994) 
For understanding both the geobiology of this parasite and its human host as 
well as for practical measures aimed at developing control programs, based on public 
health criteria and on vaccines, another system based on the circumsporozoite or 
theCS protein i s  introduced (Mann et af. , 1 994) . The distribution of polymorphism in 
t he CS protein and its gene which have impl ications for an understanding the history of 
the parasite. Very l imited polymorphism is in the non-repetit ive region of Plasmodium 
vivax which i s  widely dist ributed, a llowed for classifying i t  into groups based on repeat 
structure that could correlate with the geographic origin of the i solates (Fig. 1 -5) .  
Outside the repeated regions, members of each group are very similar (Mann et af. , 
1 994). The data presented bode well for the use of the P. vivax CS protein as a 
vaccine as t here appears to be l it t le polymorphism in the non-repeti tive regions of the 
protein. In the repetit ive region, where there i s  the potential for very large 
combinations of repeats, it appears that a l imited number occur and these are relat ively 
stable in both locality and over t ime (Mann et af. , 1 994) . 
The smal l subunit ribosomal RNA genes (or ssrRNA genes) are also used in  the 
studying and differentiation of the four human malaria parasite species. These offer a 
high degree of conserved information for the four species as mult i copies of the genes 
are available. 
Nested o l igonucleotides primers for the four species are available and used in 
the diagnosis of malaria infections. The one used by Snounou et af. ( 1 993),  
rPLU5lrPLU6 i n  t he first amplification amplify the entire portion of t he gene (Fig. 1 -6) . 
An al iqout of the product is used with the seconed set of p rimers rPF 1 lrPF 1 , 
rPV 1 /rPV2, rPMl /rPM2, rPO l lrP02 each pair being specific for the species; P. 
jafciparum, P. vil'ax, P. malariae and P. ovale respectively in the second ampl ification. 
For P. om/e, the full sequence of the ssrRNA gene is not avai lable. The 3 '-end 
ol igonucleotide was made to correspond to the only publi shed P. ol 'afe sequence, the 
5 '-end primer was complementaary to a genus-specific sequence of plasmodial ssrRNA 
genes (Snounou et al. 1 993b) .  The 960-bp fragment obtained confirms that the 
structure of the P. oI'Qle gene is simi lar to that of the other 3 species (Snounou et al. 
1 993b) .  
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Figure 1 . 5 A schematic d iagram of the CS prote in .  The locat ion of the primer is indicated. 
The asterisk shows the locat ion of amino acid 38 where there is a sequence polymorphism. 
The unlabel led shaded region ind icates the  locat ion of a 1 2-aminoacid insert ion seen in 
some isolates. The fol lowing small open boxes ind icates the GGNA repeats fol lowing the 
repeats or  the 1 2-amino acid insert ion .  Variations in  the nuc leot ide and deduced amino 
acid sequences of end of the  last 27-bp repeat. 3 6-base insert and 1 2-base repeats are 
shown for the fol l owing isolates :  (a) : N. K. [6] , C2-C7;(b) :PH-79; (c) : VK2 1 0[4],  PH-46, 
PH-52 ,  PH-54,  PH-63 , PH-8 1 ,  PH-84;  (d) : So l- 83 ,  So l- 1 0 1 ;  (e): Belem [8 J ;  Cf) : NYUThai 
[ 1 0] .  (Source: Mann et 01. , 1 994) .  
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F i rs t  AmplHlcat lon Reacti o n  
rf'lU 6 ------ ca 1 200 bp ______ _ rf'lU 5 
5 .--c._----' _____ 1 --'-=-�r- 3' 
rf'lU 6 TIAAA TTGTTGCAGTTAAAACG 
Second Ampllil cat lon Reacti o n s  
rFAL 1 TIAAACTGGTTTGGGAAAACCAAATATATT 
rFAl 2 ACACAATGAACTCAATC ATGACTACCCGTC 
!MAL 1 ATAACATAGTTGTACGTTAAG AATAACCGC 
rMAl 2 AAAATT C C C AT G C ATAAAAAATTATACAAA 
rf'LU 5 CCTGTTGTIGCCTIAAACTIC 
• -J 
rV1V 1 CG CTTCTAG CTTAATCCACATAACTGATAC 
rVlV 2 ACTTCCAAGCCGAAGCAAAGAAAGTCCTIA 
• Wl 
rOVA 1 ATCTCTTT GCTATITTTTAGTATTGGAGA 
rOVA 2 GGAAAAGGACACATIAATIGTATCCTAGTG 
Figure 1 . 6 Schematic  representat ion of Plasmodium ssrRNA genes and the nested peR 
protocol used. The species specific ol igonucleotide primers were designed to hybridize to 
the genes coding for only one of t he two ssrRNA types present in the Plasmodium 
genome(6-9]. rOY A2 was obtained from an upubli shed part ial sequence of the ssrRNA 
gene. (Source: Snounou et aI. , 1 993 c) .  
1.2 . 7  The malaria ituation in United Ara b E mirates (UAE) : 
1 . 2 . 7. 1 I n t rod u ct ion : 
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According to the Annual reports of Ministry of Health and the Malaria Control 
Uni t :  during the sixt ies, the disease was recognized in the UAE as a major health 
problem, (according to the survey of the WHO in 1 968 as a part of the WHO Global 
Malaria Eradication Campaign from 1 954- 1 969) . 
There was intense transmission in the Eastern coastal reoion Ras AI Khaimah c , , 
and the central highland area of the six Northern Emirates with  high infection rate 
ranging from 3 0%-60%, especially among children. Seasonal variat ion of early 
summer peak in May and June and an Autumn peak in October and November was 
not iced (Fig. 1 . 7 - 1 . 8 ) .  B y  1 970, a centralized malarial control unit was establlshed in 
Sharjah with central laboratory attached to 3 peripheral laboratories one each at AI 
Ain, East Coast and Ras AI-Khaimah. Now, three quarters of the population are l iving 
in areas where malaria risk has part icularly been eliminated, and more t han 95% of the 
population is protected t hrough vector control by larviciding (WHO, 1 987) .  But 
imported malaria t hreatens to overwhelm the existing malaria control programs (Dar et 
af. , 1 993 ) .  
The Malaria Control Program activities are coordinated with the municipal pest 
control section, and other health agencies in the country. The strategy of the control i s  
based on the early d iagnosis and treatment, rapid containment of epidemics, 
implementat ion of vector control by larviciding with ABATE in big communities 
supplemented by adulticiding by space spray and residual insect icide spray. B iological 
control of malaria by vector eradicat ion is supplemented by the availabi l ity of two 
native varieties of larvivorous fish, Carra bllre;m;ae and Aphanills dis par, that are 
found i n  seasonal water streams (Dar e{ af. , 1 993) ,  and finally reduction of man 
mosquito contact with routine screening of target populations such as school children 
and large labor camps. 
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Figure 1 -7 Monthly incidence of Plasmodium jalcipantm and P. v;vax infection in 
UAE during 1 993 (Source: Malaria Control UAE, 1 993) .  
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Figure 1 . 8 Monthly distribution o f  malaria cases during 1 982 t o  1 993 (Source : Malaria 
Control UAE, 1 993) .  
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Select ive parasite and spleen survey are also undertaken for evaluation. 
Ident ification of malaria foci i s  performed throuoh case invest ioations and takino ::::J ::::J <:::> 
remedial measures including mass rad ical cure and t reatment of contacts in foci by use 
of both chloroquine and primaquine 
The demography of the UAE differs from other countries as its indioenous <:::> 
population does not form the bulk of the statistical universe. It has an annual growth 
rate of 3 6% that doubled the population in a 1 2  year span. This fast growth is due to 
the natural high b i rt h  rate and lower death rate as well as constant immigrat ion due to 
t he economic progress t hat brought many workers, who are mainly from malarial 
endemic regions of Asia and Africa. 
UAE is a subtropical arid zone with little natural vegetation or water flow (Dar et al., 
1 993) .  The average rain fal l  ranges between 0.2- 1 00.4 mm and the maximum 
temperature in winter ranges between 2 1 -34°C and in the summer between 37-47°C. 
The relative humidity is usually between 60- 1 00% through out the year (Abdul Rahim, 
1 989). Thi s  cl imate offers a host i le environment to the vector especial ly in the summer. 
But  with the expansion of the green areas over t he country, the natural transmission 
of t he d isease has been enhanced . On the other hand the improvement of t he l iving 
quality along with the different control strategies in the epidemic areas has l imited the 
appearance of t he disease. This i s  confirmed by the stat ist ics obtained from the 
Government heal th  centers and few private cl inics that have malaria examinat ion units 
(Tables 1 -2 - 1 - 4 ). 
1 .2.7.2 Ma la ria incidence: 
In  the nineties ,  the malaria incidence by species has shown a gradual changes, 
the P. jalciparum incidence decreased gradually while the P. vivax cases gradually 
increased. More frequently P. jalciparum cases were found in AI-Ain rather than in 
other regions (Table 1 -2 - 1 -3 ). As reported in 1 993 ,  out of the total 3738  cases 
detected, nearly one quarters of these cases were P. jaicipal"llnl malaria ( Tables 1 -4). 
30 infants were found posit ive of whom 1 1  were with P. jafcipamm, eight were from 
AI-Ain. In under 1 5  years age group, a cont inuous decline in the cases was reported 
compared to previous years, in which the highest recorded cases were in the West 
Coast region 
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Table 1 -2 Regional d i st nbut ion of malar ia  cases a n d  P. ja/clpal'lllll malaria during 1 979- 1 993 
Year 1 979 1 980 1 98 1  1 982 1 983 1 984 1 985 1 986 1 987 1 988 1 989 1 990 1 99 1  1 992 993 
Region 
West Coast Total  4056 2 1 00 1 795 1 4 1 9  1 1 05 1 1 82 940 1 034 868 948 1 1 02 1 237  1 074 1 299 1 429 
P. F 1 79 639 1 43 1 1 9 1 05 80 1 50 22 1 1 77 252 247 245 - - 248 
Ras A I  K ha l lllah Total  8 1 3  886 64 1 4 1 7  1 90 1 29 95 79 70 93 6 1  1 02 1 1 2 1 48 1 93 
P F 58  1 08 58  32 28  24 25 9 1 6  26 1 8  38  - - 62 
East Coast Total  3093 2972 2 1 6 1  1 64 1  1 042 594 4 1 5  442 338  302 240 1 64 1 59 1 78 2 1 8  
P. F 524 3 1 9 232 292 87  50 1 0 ]  80 64 1 09 64 37 - - 4 1  
AI  A I Il Total 2332 1 78 1  1 783 1 732 1 4 1 6  1 0 1 5  660 559 730 936 848 1 282  1 487 1 436 1 1 79 
P F 900 890 990 1 039 774 525 252 226 350 546 528 895 - - 336 
A b u  Dhabi  Total  1 469 622 664 402 366 226 27 1 744 607 682 526 674 558 525 698 
P F - 242 365 1 99 1 40 62 7 1  1 03 1 20 207 1 6 1  1 79 - - 1 32 
ent ra l  P lateau Total  * 2 1 3  609 6 1 3  696 370 2 1 8  2 1 2 1 04 95 46 55  647 1 9  2 1  
P F * 1 02 205 2 1 2 1 23 5 8  2 3  27  1 3  4 1  1 9  28  - - 3 
TOTA L 1 1 663 8574 7653 6224 48 1 5  35 1 6  2599 3070 27 1 7  3056 2823 35 1 4  3457 3605 3738  
1 980, 1 982,  1 984, 1 987,  1 990 a n d  1 993 ; AnJlLlal Report: 1 988,  1 989 and 1 992) 
1 �  
Table 1 -3 M alaria case d i str ibut ion accord i ng t o  species a n d  t h e  % o f  P. jalciparlfJ77 during 1 98 1 - 1 993 . 
Year No +ve P. Jafclparufll P. vivax Mix (P. ja/cipamm and P. vi l 'ax) P. malaria P. oval U nspecified P. jalciparum % 
1 98 1  7653 1 946 5 5 1 8  47  1 0 1 4 1  26. 5 
1 982 6224 1 879 4300 1 4  I 0 30 30 .6  
1 983 48 1 5  1 269 3 509 4 0 0 33  26 .6  
1 984 3 5 1 6  799 2533  23 1 0 1 60 24. 5  
1 985  2599 582 1 95 5  3 6  7 0 1 9  2 3 . 9  
1 986 3070 608 2387 6 1  2 1 1 1 2 1 . 9 
1 987 27 1 7  726 1 964 1 4  5 0 8 27 .2  
1 988 3056 1 1 6 1  1 86 1  2 1  2 - 1 1 37 .9  
1 989 2823 1 023 1 777 1 7  1 - 5 36 .2  
1 990 3 25 5  1 249 1 987 1 7  2 0 0 3 8 . 3  
1 99 1  3 5 1 4  1 404 2070 1 8  2 0 - 40.0 
1 992 3605 1 1 88  2359  2 1  7 - 30 3 2 . 9  
1 993 3 73 5  8 1 8  2709 26 5 I 1 76 2 1  9 
I \!  
Tabl e  1 -4 Dist ribut ion of malaria cases by nat iona l i ty  1 98 1 - 1 993 ( i n  some years Arabs and 1 nd i ans  are i ncuded i n  others column) 
Year 
1 98 1  
1 982 
1 98 3  
1 984 
1 98 5  
1 986 
1 987 
1 98 8  
1 989 
1 990 
1 99 1  
1 992 
1 993 
. - - , . 
UAE 
1 8 5 8  
1 490 
998 
5 8 1 
4 3 4  
399 
3 20 
3 4 1 
29 1 
3 72 
3 3 7  
2 1 5  
1 8 1  
Oman Others Arabs 
1 503 208 
1 5 20 1 70 
1 2 1 3  1 40 
740 1 04 
509 59 
622 1 47 
5 8 3  1 1 7 
603 -
549 -
7 1 1 -
5 5 8  -
274 -
205 -
I nd i a  Pakistan Others U nclassified 
2 1 1 2  1 3 98 3 1 5 2 5 5  
1 3 5 7  1 2 5 1  2 5 8  1 78 
843 1 2 1 5  278 1 28 
576 1 063 240 2 1 2  
3 02 947 1 1 6 2 3 2  
2 7 8  1 22 7  1 47 2 5 0  
2 5 8  93 5 1 40 3 64 
- 1 003 798 20 
- 1 1 29 705 1 49 
- 1 424 74 5 -
- 1 692 683  -
672 1 9 1 1 546 -
794 2009 5 3 3  -
Total 
7653 
6224 
4 8 1 5  
3 5 1 6  
25 99 
3 070 
27 1 7  
2745 
2823 
3 2 5 5  
3 4 5 7  
3605 
3 7 3 5  
� o  
Table 1 -5 P. (crlclparlll7l resistant cases by regi on duri ng 1 986- 1 993 : (Sou rce : M al aria Control U n i t  
1 980, 1 987, 1 990 a n d  1 99 3 ;  AI Ain Prevent ive Medicine report ) 
Year 1 986 1 98 7  1 988 1 989 
Region 
West Coast 4 - - 1 
Ras A I  Khaimah - - 2 1  1 7  
East Coast - 1 4  2 8  2 8  
AI A i n  3 *  9 *  1 2 
Abu Dhabi - - 8 1 
ent ral P lateau 1 - - 4 
Total 5 1 5  5 7  5 3  
--
1 990 
-
70 
3 3  
2 
-
7 
1 1 2 
- --
1 99 1  
7 
1 75 
24 
2 
-
1 0  
2 1 8  
1 992 
1 
1 46 
8 1  
1 2  
3 
3 
246 
_. -----
1 993 
2 
62 
4 1  
5 
7 
2 
1 1 9 
--
* Nu mber of cases accord i ng to A I  Ain Prevent ive M edic ine  report s  on ly  (are not i nc l uded 
wi t h i n  t he t ota l)  
-1 1  
b PI, dllllll (aI, I - - - b f i n fect ion i n  Al-Ain  during 1 978- 1 993 
Nat ional i ty  UAE Oman Other Arab I nd i a  Pakistan Ot hers Total 
Year 
1 979 3 3  1 426 77 3 1 6 226 75 2 1 5 3 
1 980 30 1 207 57 2 1 4  1 3 2 64 1 704 
1 98 1 1 5  1 054 4 1  2 3 2  2 5 1 4 5  1 63 8  
1 982 1 1 223 22 69 207 3 1  1 5 5 3  
1 98 3  1 0  965 1 3  24 1 5 7 1 5  1 1 84 
1 984 2 6 5 8  1 5  22 1 42 3 6  8 7 5  
1 98 5  5 3 56 8 9 1 56 1 1  5 4 5  
1 986 - 1 29 4 4 1 79 1 3  3 29 
1 98 7  - 1 5 0 6 1 1 2 1 5  20 403 
--
1 93 8  - 24 1 4 1  6 3 02 1 1  60 1 
I 1 989 - 3 2 7  3 6  7 266 8 644 
1 990 2 466 22 1 0 3 8 1  23 904 
1 99 1  - 5 2 5  23 3 5 7 5  2 3  1 1 49 
1 992 - 266 3 3  1 2  8 1 4  1 2  1 1 3 7  
1 993 - 1 5 7 1 5  1 6  784 1 3  9 8 5  
( Tolal  I S  o n l y  the i nvesl1gated cases for source of i n fect ion  Source AI-Ain Prevent ive M edic ine  Reports  and 
o n t lol  Unit  1 979, 1 980,  1 982,  1 984 , 1 987, 1 990, 1 99 3 )  
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For the same year ( 1 993) ,  among the cases investigated for the source of 
mfectlOn 99% of the P. Jalclpantm and the P. vivax were imported from outside the 
country 42% of P. Jalciparum cases came from Pakistan, 29. % from Oman, 8% 
from Sudan , 6% from India and 5% from Yemen, and the rest 1 0% were coming from 
I S  other countries. 66 .% of the imported cases of P. VIVax were from Pakistan, 1 5% 
from India, 1 2% from Oman. Among the investigated mixed i nfect ion, out of 1 2  cases, 
7 were from Pakistan, two from India, and one each from Oman, I ran and Tanzania. 
For the i nfant cases investigated, 7 out of the 1 1  P. Jalcipantm cases were imported 
from Oman, 3 from Pakistan and one from Sudan. For the UAE nationals (Table 1 -4) 
cases invest igated for the source of infection, only three of them contacted the disease 
locally and the rest were imported . 70% of imported cases were P. Jalcipantm and 
29°'0 were P. V1Vax. One of the indigenous cases was induced by blood t ransfusion 
One case of P. malariae was imported from Pakistan and one P. ovale was from 
S ierra Leone. 
36 . 3% of t he total investigated cases for chloroquine are resistance positive 
(Table 1 -5 )  All the resistance cases were imported mainly from Pakistan, and the 
highest proport ion of resistance was from Kenya where two out of three were positive. 
Recent emergance of chloroquine resistance i s  reported. Among t he UAE national 
cases investigated for t he drug resistant, all of them show sensit ivity. 
For the previous years, P. Ja!ciprum ratio to the other species was found to be 
nearly 2 · 1 in  the sixties and reached 3 : 1  during 1 97 5 .  High malaria incidence during 
1 978  i s  notable, which  i s  due mainly to the migration labor boom and the heavy rainfal l 
that stimulates t he vector breeding. 
It IS noticed that P. Jalcipal7lm cases detected during 1 980 were 2 1 . 1  % of the total 
cases of which 30% were Omanian compared to 54% of 1 979.  
In the next two years, an increased P. Jalcipantm cases due to an increase in 
imported cases from Oman. The total number reported decline in  the fol lowing years. 
The reported incidence of the d isease has been decreasing steadi ly since 1 98 7  in terms 
of both absolute cases reported and in terms of i ncidence per thousand population. 
Due to inclusion of reports from military hospital during 1 986, decline in  the malaria 
mcidence in 1 98 7  was noticed and nearly one quarter of the cases were P. Jalclparum. 
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The number of the malaria detection centers has increased since the seventies. 
ccording to the recent publication of the Malaria Control Unit 1 993 ,  2 1  hospital in 
the northern Emirates, 30 c l inics, one diagnostic laboratory and three malaria uni t  labs. 
The d iagnostic methods used in  these centers rely on thick and t hin smears with 
Giemsa or Leishman stain. One third of the c l inics use thin film alone for the detection 
and another one third use both. Private hospitals and cl inics usually use Leishman stain 
and !lun film .  Giemsa i s  mostly used in  the government hospitals and cl inics and more 
than one t hird of al l  health centers are using the Leishman stain, only one center 
depends on the quantitative buffy coat (QBC) test . Although recommended by the 
Malari a  Control Unit to use thick smear with  Giemsa stain. 
The treatment of malaria in the country depends on the use of the antimalarial 
drugs Chloroquine and Primaquine. But the drug prophylactics is only recommended 
for non-immune persons spending time in the central and eastern region of northern 
Emirates Other d rugs used are Pyrimethamine in the Armed Services Personnel, 
Proguni l  in AI Qasimi hospital in Sharja  and Fansidar in AI Maktom hospital in Dubai . 
I t  was noticed t hat t he consumption of the antimalarial drugs exceeds the quantities 
required for the treatment of the reported cases that might be explained by the 
prophylactics and the therapeut ic t rial . 
AI-Ain, where t his study took place, i s  an inland district 1 50 km from the Gulf 
coast , is now of consolidation area with no local malaria transmission for more than 1 0  
years (Fig. 1 . 9) .  However, t ransmi ssion continues across the border with Oman (Table 
1 -6) (Dar et ai. , 1 993) .  Which recently reported the emergence of choroquine 
resistance cases (Anonymous, 1 995) .  In  AI Ain, the epidemiology of the malaria 
incidents is 70% P. faiciparum infections 30% P. ViVClX, and P. maiariae and P. 
ovale only count for 1 -2% of cases detected (Dar at aI. , 1 993) .  
The United Arab Emirates is one of the countries that faced by imported 
malaria from the endemic areas of Asia and Africa. In  which they form the bulk of the 
work force that are largely employed in the construction and the in the agriculture 
sector and commercial and small-scale industrial enterprises who are traveling to and , 
from t heir home countries with varying frequency and duration (Dar et aI. , 1 993) .  The 
lDcreasing importance of the disease world wide and in this country necessitate a 
continuous monitoring of the diagnosis of malaria. And new methods for control l ing 
44 
transmission are urgently needed especially because of the increased prevalence of 
drug-resistant parasit es (Barker et ai. , 1 992) 
) '>00 
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Y e ars 
Figure 1 . 9 Number of sl ide-posi t ive cases of malaria in the Al Ain district, United Arab 
E mirates, over 2 decades (----, indigenous population; -- , i mmigrant population). 
(source Dar et aI. , 1 993) .  
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1 . 2 .8 Object ive of t u d y :  
From the  review of l iterature i t  is  noticed how import ant malaria and what is  
more i mportant i s  finding a new and more effective tool  to fight i t .  The first l ine i n  t hi s  
strategies i s  to find an  accurate way to diagnose the disease i n  the early stage of 
i nfect ion 
This study is  conducted i n  order to evaluate the advanced d iagnostic 
techniques based on the polymerase chain reaction (peR) and the fluorescent staining 
technique for the d iagnosis of malaria i n  comparison with the conventional techniques 
of Geimsa stain l ight microscopy that are pract iced in the country It also used to 
confirm the microscopic diagnosis of P. falciprum and P. vivax, since they are the 
commonest of the malari as in Al-Ain .  These highly sensi t ive methods are tested to 
overcome t he l imitat ion of the previous methods which are t ime consuming and 
demand ski l led staff that may not be avai lable in  the endemic areas mostly i n  the 
developing countries. 
With better detect ion systems a sharper image of malaria epidemiology could be bui lt . 
CHAPTER II 
PATIENTS, MATERIALS AND METHODS 
�6 
Chpter I I  
Patients, lV l ate rial and Methods 
This work i s  basically a comparison of the detection of malaria parasite D A using 
the polymerase chain reaction with the standard Giemsa staining of parasites Species­
pecific o ligonucleotide p rimers for each of the four human species were used, i n  two PCR 
ystems' ( 1 )  merozoite surface protein gene (MSP) specific primers and (2) nested primers 
to amplify the sequence of the small subunit ribosomal RNA (ssrRNA) genes. A specific 
PCR product is only obtained when DNA from the corresponding species is present in the 
reaction system (Snounou et at. , 1 993 c) .  
Another method which have been tested ut i l izes specific fluorescent probes for qualitat ive 
and quantitat ive detection of malaria parasites using UV -microscopy 
3. 1 .  Pat ients :  
Blood samples were obtained from patients who come to t he Malaria C li nic 
complaining from repeated fever, headache and weakness and doubt ing malaria infection 
as they had recently visited suspected malarious regions. The usual procedure in the cl inic 
is to collect samples by finger pricks, and make thick blood smears which are then stained 
wit h  Giemsa 
The practiced procedure at the malaria cl inic in  Al-Ain preventive Medicine i s  that 
Giemsa stained blood smears are then examined by l ight microscopy to visualize and 
identify the parasites that are found in the peripheral blood. The positive samples are 
diagnosed for the d ifferent species and the different parasite stages are determined. For 
Plasmodium jalczparum ring stages are counted per ml blood. Patient positive for malaria 
are given a suitable d rug for treatment and given an appointment for follow up Initial 
mformation ' s  obtained from the patients include age, sex, history of previous malarial 
infections and when was the l ast trip abroad . 
Two group of samples were col lected as follows: 
G ro up (1): 
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One hundred and thirty s ix blood samples were collected from the Malaria 
C linic of the Preventive Medicine Department as well as from Al-Ain Hospital, Al-Ain 
Dist rict Two ml blood from patients with positive smears were collected in vacutainer 
tubes (by venopuncture) with EDTA as an anticoagulant to be further examined. 
These samples are stored at 4°C before molecular analysis (Appendix 1 ) . 
The sample were collected during 3 0/3/94- 1 4/5/94 for al l species: P. 
jalclparum, P. ViVCIX, P. ovale or P. malriae . From 29/8/94 to 9/1 /95 only P. 
jalc/parum and P. malariae samples were collected . 
Also there were two P. v;vax samples collected and used as control vivax (samples no. 
94 and no 96). From these samples D A was organical ly extracted. 
G roup (2): 
A second group of fifty two positive malaria blood samples were collected 
from the malaria cl inic of the Preventive Medicine Department, Al Ain District .  During 
the perIod 1 14/ 1 995- 1 9/6/ 1 995 as thin (and sometime thick blood smear) and fixed to 
be furt her stained with fluorochrome stains (Appendix 2). 
I I . Methods : 
3. 2 .  1 .  Blood sam p l ing :  
One should remember that t he presence of  malaria parasites in the blood is a sign of 
infection but not necessari ly a cause of the disease. Blood may be obtained from the 
ear lobes (preferably ) or from the second finger of the left hand . In infants the big toe 
IS best (Bruce-Chwatt, 1 987) .  
3. 2.  1 .  (a )  P repa rat ion  of  s tock Giemsa s ta i n :  
The Geimsa stain i s  prepared and stored away from sunlight by  adding 3 . 8  g of 
Giemsa powder (Azure type B) with pure 250 rn1 glycerol and the same amount of 
certified pure methanoL A buffered water is used to dilute the stock, of pH 7.2 which 
i s  available commercially by adding tablets of phosphate salts to 1 00- 1 000 ml of dH20 
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or can be prepared by adding 0 7 g of potassium dihydrogen phosphate with 1 g of 
d isodium hydrogen phosphate in one liter of disti l led water. 
3 . 2.  1 .  (b) Preparat ion of blood smea rs (fi lms )  and s ta in i ng :  
1 Cleaned 25x75 mm glass sl ides are used for malaria blood fi lms. 
2 B lood may be obtained from the ear lobes or from the second finger of the left 
hand. In  i nfants the big toe i s  the best . 
3 The skin is cleaned with methanol or ether. 
4 The skin is totally dried before being punctured with a steri le lancet . 
5 The finger i s  squeezed unti l  a good blood drop is obtained. 
6 3 drops to touch the sl ide held above them and by the corner of another slide 
spread the drops to make a circle not too thick and allow one to read through it, 
t hen air dry or  with the help of an air drier to speed the process. 
7 For th in fi lm one drop is attached to the sl ide and another slide is u sed to make a 
t hin smear by applying it at 45° angle and allowing it to spread the drop of blood 
after i t  touches it, t hen the spreader i s  pushed forwards keeping i t  at the same 
angle. The s l ide is then dried and fixed with methanol for 30 sec. 
8 The staining solution must be freshly prepared by mixing 5 m1 of stock solution 
with 1 00 m1 of buffered water. 
9 The staining solution is appl ied on the smear and stained for 20-30 min. 
1 0  S l ides are flushed with  tap water then air dried. 
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1 1  In emergencies the concentration of the Giemsa stain can be raised to 1 0% and the 
staining t ime can be reduced to 5- 1 0  min. 
3. 2 .  1 .  (c) Exa m inat ion  of  blood fi lms : 
* Thick  blood fi l m  
The thick b lood fi lm method, which concentrated by  a factor of  20-30 the layer 
of RBCs on a small surface is the best for general clinical use. The 
dehaemoglob inization of the thick film may cause some loss of parasites detached from 
t he unfixed layer. This depends on the processing of the slide and is hard to be 
assessed. ,  but pigment granules undergoes litt le change in the thick film. Recognizing 
t he parasites in t hick smears is more difficult, because the parasite do not appear 
intracellular and their morphology is significantly different from that seen in thin 
smears That i s  why it is supplemented by a thi n  fi lm  which i s  of value to differentiate 
the doubtful species (Gil les and Warnel l ,  1 993) .  
The thick smear i s  recommended as a routine method as it is time saving and reveals 
even a scanty infect ion within a short period (Gil les and Warnell, 1 993) .  The thick 
blood smear may take 30-60 min. for preparat ion, is labor intensive, and its 
i nterpretat ion, at low level of parasitaemia, and requires considerable experience 
(Rickman et at. , 1 989) . 
A negative sl ide should not be reported before at least 1 00-200 fields of the thick film 
are examined. This repetit ion is a must in the cases of severe i nfection of P. 
falciparum to assess the response of the parasi te to treatment . Simple code from one 
to four  crosses i s  often used by laboratory technicians to designate relative parasite 
counts :  (Gil les and Warnel l ,  1 993) .  
T 1 - 1 0  parasites per 1 00 thick fi lm fields 
++ 1 1 - 1 00 parasites per 1 00 thick film fields 
+++ 1 - 1 0  parasites per one thick fi lm field. 
++++ more than 1 0  parasites per one thick fi lm field .  
Such counts are not recommended for research related studies, as i t  lS highly 
susceptible to subjective bias over time. 
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*- Thin  blood fi l m  
Thin fi lm, consist of a single layer of RBCs about 0 . 1 -0 25 ).l\ o f  blood is  examined i n  
the course of inspect ing 1 00 fields at 1 00X magnifications (Bruce-Chwatt, 1 985) .  A 
thin fi lm is needed in some cases of low parasitaemia especially in  the early stages of 
development, and in  P. ovale infections. Although it is much slower but it enables us 
to observe the details on the preserved shape of the infected RBCs (Gilles and 
Warnell, 1 993) .  
P. jalclpamm forms seen in  human peripheral blood smears include the  rings of  the 
asexual stage, the macrogamonts and microgamonts of the sexual cycle. In thin smears 
parasites appear as intracellular organism composed of blue cytoplasm and red nuclear 
material (chromati n) (plate 1 - 1 )  While exflagel lation normally occurs in mosquitoes, it 
has been known for long that it can occur in vitro (Hummert, 1 994). A case of 
Plasmodium Vil'ClX malaria in which exflagel lation were found on a peripheral blood 
smear has been reported by Hummert ( 1 994). This unusual finding probably be due to 
an excessive delay between blood collect ion and smear preparation in  which the 
condition are similar to the mosquito guts .  
Care should  be taken not to confuse malaria parasites with artifacts such as 
reticulocytes, blood platelets, vegetable spores, yeast , pollen or algae, bacteria and 
residues of blood components Also Babesia sp. could be easily mistaken with P. 
jalclparum (Gil les and Warnell, 1 993)  
If  the  parasites are not  seen in the  first b lood fi lm it is advisable to  take 
additional thick and thin films every 6 to 1 2  hours, for as long as 48 hours if necessary 
(Markell et at. , 1 992) .  
3. 2 .  2 .  Molecu lar  analys is :  
The bas ic  work in  molecular analysis of malaria parasites is  to detect a specific 
D A fragments of the parasite by using a species specific ol igonucleotides primers 
that are used in t he polymerase chain reaction (PCR). The PCR result in a fragment 
that is size specific for the species. This is the case of MSPIPCR system but for the 
nested PCR the first amplification (PLU) a large fragment is amplified which generated 
by all 4 species, and it could not differentiate between them. The second amplification 
5 1  
appl ied to the first amplification product, where specific fragment is generated in  order 
to differentiate between species 
The parasite D A is firstly extracted by either organIC extraction or by the more 
practical boi l ing procedure. It is important to remove plasma and hemoglobin as these 
are inhib itors of t he Taq. polymerase before starting the reaction. The PCR product 
can then be detected by running the samples on either agarose or polyacrylamide gels 
which can be stained either by ethedium bromide or si lver nitrate. 
The procedures fol lowed are first preparat ion of the blood samples for 
extraction; secondly, DNA extraction then PCR running and finally PCR product 
detection These are detailed as fol lows: 
3, 2. 2 .  ( a )  Preparat ion of blood sam ple for DNA extrac t i on :  
The procedure fol lowed in this thesis is a s  fol low: 
1 Whole blood i s  centrifuged at 1 400 round/minute (rpm) for 5 minutes and plasma 
IS separated and discarded . 
2 Red cel l s  are then washed three times with normal sal ine (0. 9% v/v) 
3 The washed cel ls are then used for DNA extract ion or stored at -70°C for future 
uses . Each t ime either 1 00 - 250 �Ll of the washed cells are used for extraction of 
D A and the rest i s  stored at -70°C. 
3.  2 .  2 .  (b)  DNA extract io n : 
The DNA of the parasite which is localized in the RBCs need to be extracted 
to be further manipulated. The packed cells from the previous step are used for this 
purpose without the need to remove the buffy coat layer. There are many introduced 
methods to simplify the uti l ization and handling or samples in order to avoid 
contamination of PCR products (Barker et al. , 1 992). The col lection of blood by 
fingerprick onto ftl ter paper i s  a convenient method for sample col lection in  the field 
(Long et al. , 1 99 1 ) . This can d irectly be used as a template for PCR (Sethabutr et af. ,  
1 992 and Warhurst et al. ,  1 99 1 )  Although phenol-chloroform and proteinase (organic 
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extraction) are not practical (Barker e t  al. , 1 992), st i l l  are needed when a l arge amount 
of protein is in the sample (B loch, 1 99 1 ) . 
Two methods of extracting D A were used; ( 1 )  phenol-chloroform and (2) 
boi l ing extraction.  The boil ing method was fol lowed for all the samples as i t  is easy 
and less t ime consuming than the former and it involves no phenol ut i l ization. The 
product was used as a template for the PCR. The phenol-chloroform procedure was 
only fol lowed for the two vivax samples that are u sed as controls. 
(1) Phenol-Chloroform Extraction: 
The euokaryotic DNA is  localized in  the nucleus and i t  i s  compacted with 
proteins into chromatin .  So as to get the pure DNA other component such as proteins 
and l ipids should be separated from it. First, RBCs are lysed to release the parasite and 
then its nuclear material For that sodium dodecyl su lphate or SDS is used to rupture 
the cell membrane and the nuclear membrane. Organic solvents precipitate proteins but 
leaves t he nucleic acid in  aqueous solution. Then concentrat ion of D A is done by 
ethanol or ether precipitat ion. 
The phenol-chloroform ( organic) extraction is used to get a highly purified nucliec 
acid 
Materials needed are: 1 0  % sapo nine w/v in water 
Saline: saponine solution ( 1 :  1 v/v ) 
Isopropyl alcohol 
Physiological saline solution 0 .9% NaCl (w: v) 
Buffered phenol pH 7 
Lysis buffer: 40mM Tris pH 8 
80rruV1 EDT A pH 8 
2% SDS 
TE buffer pH 8 (which prepared by mixing 10 mM 
Tris pH 8 and 0. 1 mM EDTA pH 8 )  
Disti l led water 
1 00-250�Ll of washed cel ls are lysed with 1 00�1 of 1 0% saponin. 
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2 .  The tubes are centrifuged at 1 4000 rpm for 10  min. and the  supernatant IS 
discarded. 
3 To the pellet, 1 ml of saline: saponine solution ( 1 : 1  v/v ) is added to wash the pellet . 
This i s  repeated twice. 
4 The pel let i s  then placed on ice for 1 0  minutes. Then lysed with 1 25)..l1 of lysis 
buffer 
The samples are centrifuged for 1 0  minutes at 1 4000 rpm, and the pel let is then 
incubated at 3 7°C overnight with 375  �Ll disti l led water. 
6 500�d of buffered phenol is added, and the sample mixed then centrifuged and the 
aqueous phase i s  recovered. 
7 An equal volume of phenol-chloroform is added . To the upper phase 450 )..l 1 of 3M 
sodium acetate are added . 
8 0 .5  ml i sopropyl alcohol i s  added to precipitate the DNA, and then stored at -70 
°C for one hour or over night .  
9 The DNA i s  pelleted by centrifuging for 20 minutes at 1 4000 rpm. It is then dried 
under vacuum, and finely the pellet is dissolved in 50 �L l TE (pH 8), and stored at -
4°C. 
(II) Boi l ing extract ion : 
Boi l ing of the cel l  a l lows for releasing al l  the nuclear material as well as cellu lar 
material into t he medium. Separation of the DNA from other cellular debri s ' s  i s  done 
by centrifugation. As hemoglobin i s  one of the Taq polymerase inhibitors, it needs to 
be removed from the reaction medium. For that a washing buffer ( 5mM Na2P04) is 
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used AJthough the puri ty of this  D A is  less in quality when compared with the 
organic extract ion, its quality is good enough to set up the PCR technique. 
Material needed are ' Packed cells 
Boi l ing water bath 
Washing buffer (ice cold 5 mM a2P04) 
50- 1 00 J.lI of washed red cel ls were used for the extract ion 1 ml of ice cold 5mM 
sodium 
phosphate i s  u sed to lyse the cel ls .  This  step is repeated twice. 
2 50  �Ll of steri le disti l led water are added . 
3 The pellet i s  m ixed thoroughly with the water and then boi led for 1 0  minutes. 
4. The tubes are centrifuged at 1 4,000 rpm. for 1 0  minutes and the supernatant used 
as a template for the PCR 
5 The D A is  stored at -20 °C. 
The boil ing procedure was followed for all the samples except for the ones used as P. 
VIVax control .  
3. 2 . 1 .  ( c )  peR p rotoco l :  
As previously mentioned ( in Chapter I ) ,  the  PCR technique is based on the  use of Taq. 
polymerase that amplifies (in vitro)a target DNA fragment to bi l l ion copies. This is 
catalyzed by three different temperatures that cycles the reaction; denaturation, 
annealing and extension. With the presence of two opposite oligonucleotide primers; 
that flank the sequence of interest, and excess of dNTPs (Fig 1 -4 and 2- 1 ). 
) MSP primers: sense CACATGAAAGTTATCAAGAACTTGTC 
antisense GT ACGTCT AA TTCATTTGCAC 
B) ested primers of the ssrRNA gene 
1 )  First amplificat ion primers: 
rPLU 5 '  5 '  -TTAAAATTGTTGCAGTTAAAACG- 3 '  
rPLU 6 5 '  -CCTGTTGTTGCCTT AAACTTC- 3 '  
2 )  econd amplification primers : 
rFAL 1 :  5 '  -TTAAACTGGTTTGGGAAATATATT- 3 '  
rFAL 2 5 '  -ACACAATGAACTCAATCATGACTACCCGTC- 3 '  
rVIV 1 :  5 '  -CGCTTCTAGCTTAATCCACATAACTGATAC - 3 '  
rVIV 2 :  5 '  -ACTTCCAAGCCGAAGCAAAGAAAGTCCTTA - 5 '  
rOVA 1 5 '  - ATAACATAGTTGTACGTTAAGAATAACCGC- 3 '  
rOVA 2 . 5 '  - AAAATTCCCATGCATAAAAAATTATACAAA- 3 '  
rMAL 1 5 '  - ATCTCTTTTGCTATTTTTTAGTATTGGAGA- 3 '  
rMAL 2 . 5 '  - GGAAAAGGACACATTAATTGTATCCTAGTG- 3 '  
5 5  
Figu re 2- 1 O ligonucleotide primers used in  the two PCR systems A )  Merozoite 
surface antigen (MSP) primers specific for P. jalcipantm (Source : Foley et at. 1 992). 
B) ssrRNA primers for the four human malari parasit (Source : Snounou et ar , 1 993a) 
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The protocol Foley et al ( 1 992), for PCR is  fol lowed : 
React ion mixt ure' volume 
D A 2�d 
Sterile d H20 37 .6J.lI 
PCR buffer l OX 5 �d 
dNTP mix l OX 1 J.l1  
Primer 1 2J.ll 
Primer � 2�d 
Taq Polymerase(O .5U) OAJ.l1 
Total 50�d 
With the primers specific for P. falciparum (MSP 1 and MSP2); 2-5 J.lI of the purified 
template of D A are used. All PCR reactions are carried out in a total volume of 50 
J.lI The amplificat ion is perfonned in 1 5  mM MgCh, 0. 1 M Tris HcI pH 9 .0  and 0. 5M 
KCI which was in  the 5 �d l Ox PCR buffer, 1 �t1 of d TPs, 2 J.lI primer corresponding 
to the species were used in the react ion, OAJ.lI of the Taq. polymerase (0. 5 unit), and 
sterile dist i l led water is u sed to complete the total volume. 
A program of 95°C (denaturing ), 45°C (anneal ing), 68°C (extension), for 
minute each of 36  cycle program. 
For the small subunit ribosomal RNA nested primers the same is fol lowed except that 
o 5- 1 rnl of Taq. polymerase are used and the amplificat ion buffer contains (2mM 
MgCh 0 . 5mM KCI, l OmM Tris pH 8 . 3  and 0 . 1 mg/ml Gelat in). The program 
fol lowed was of 92°C (denaturing for 1 min . ), 56°C(anneal ing for 2 min . ) ,  72°C 
(extension for 2 min .) ,  for 30 cycle program. 
3. 2 .  2 .  ( d )  Detec t ion  Systems:  
For DNA size separation, the pri ncipal factor influencing the composition is the 
pore size of the gel, small species of DNA and RNA are usually examined on 
polyacrylamide gels (pAGE) while agarose gels (AGE) are usually for large nucleic 
acids Acrylamide gels give greater resolution than agarose gel .  The PAGE sensitivity 
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can be Increased by silver staini ng and use of discontinuous buffer system which 
increase the resolution (Bloch, 1 99 1 ). 
In general, PeR-amplified i s  defined by gel electrophoresis, dot blot 
hybridization or Southern blot hybridization. However, the later two methods are not 
suitable for rout ine cl inical d iagnosis (Hakim et al. , 1 995) .  Ethidium bromide stained 
gel electrophores is  is sufficiently sensitive to provide size-dependent detection for 
most amplifications (Bloch, 1 99 1 )  
The AGE i s  al lowed to run for 75% of the distance, then it i s  exposed to UV 
l ight to detect the different D A fragments. The resultant bands of about 500bp. (for 
MSP) confirm the detect ion of falciparllnl species, while the absence of the band 
means non-falciparum species. A second step is to examine polymorphism of the 
detected band by running the positive samples on PAGE and staining with silver 
nitrate. 
1. Preparation of 1 8% Agarose Gel Electrophoresis (AGE): 
Material needed are: 5X TBE (which is prepared by mixing OAM Tris base, 0 4M 
Boric  acid and 0 .25  M EDT A pH 8 .0  are dissolved in 40 
ml dH20 to adjust the pH and then the volume is  
completed to I l iter). 
I X  TBE (which i s  prepared by diluting 5X TBE) 
DNA loading buffer (which is prepared by mixing 0 .05% 
bromophenol b lue w/v with 40% sucrose w/v 
and 0 1 M EDT A pH 8) 
Agarose 
Ethidium bromide 
1 0, 1 5 , 20 or 24 well s  gel combs 
Gel plates (small or large sizes) 
Pipettes (Gilsons with 20, 200 and 1 000 I_d). 
1 .  1 8 g of agarose is d issolved in  1 00 ml of I X TBE buffer. 
S8 
2 5/l 1  ethidium bromide are added to the agarose mixture and poured in the plate; 
with  I S  wel l  comb placed at one edge, up to S mm. 
3 After polymerizat ion, I S  wells are formed and the gel is ready for use. The gel tray 
is put into the electrophoresis tank fuJI with 1 X TBE buffer with ethidium bromide 
S �lV I OOml buffer 
4 S /l l  of the PCR product are loaded with 1 �t1 of the loading buffer (SOmM Tris pH 
8 ,  7SmM EDT A pH 8 ,  O .S% SDS, 1 0% Ficoll , 30% Sucrose and 0 .2%) into the 
s lots created by the comb. DNA size marker is a lso loaded . 
5 Electrical current of 80 volts is appl ied for 90 min 
6 The gel i s  exposed to a UV l ight and photographed using Polaroid Camera of film  
type #667. 
I I .  Preparation of 8% continuous Polyacrylamide gel (PAGE): 
Materia l  Volume 
2% Bis 3 . Sml 
3 0% Acryl amide 6 . Sml 
1 0% Ammonium per sulfate (APS )  1 50 �tl 
TEMED (tetramethylenediamine) 20�t 1  
5 X TBE Sml 
Dist i l led water 1 0ml 
Total 25ml 
The p lates for the PAGE are assembled before start ing preparing the gel 
1 These are mixed together ( the last to be added are APS and the TEMED as these 
are responsible for the polymerizat ion). 
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2 haking is done with the minimum possibil ity of oxygen exposure (done in  a small 
flask with a short neck) 
3 The gel i s  directly poured and a comb with matching size is placed between the 
plates. After polymerization (for one hour) samples could be loaded . Samples are 
treated the same as in  AGE 
4 current of constant power of 5 watt is applied for 80 min. 
5 The gels are stained either with ethidium bromide for 30min. or by silver staining 
as described latter. 
i lver s ta i n i n g  p roced u re :  
Materials needed are 1 0% ethanol 
1 0% acet ic acid 
1 0% glycerol 
1 % nitric acid 
Deionized water 
0 . 5  silver nitrate 
Developing solut ion ( 60 gm Na2C03, 3 ml of 3 7% 
formaldehyde, 400111 Na2S203-H20 
1 0mg/ml in 2 l iters deionized water) 
1 The gel i s  kept in 1 0% ethanol for 5 min. with shaking. 
2 It is t hen transferred to 1 % nitric acid for 5 min. 
3 The gel i s  then washed twice with  deionized water. 
4 After washing, freshly prepared 0 . 5  silver nitrate is added twice; each kept for 1 5  
rrun .  
5 Wash twice with deionized water 
6 The developing solution is then added unti l  the D A 
bands start to show. 
7 I f  the background of the gel starts to get darker new developing solution can be 
added . 
8 The gel is t hen placed in 1 0% acetic acid which stops the developing process. 
9 The gel can be kept in acetic acid [or only 1 0  min. then washed with deionized 
water, then stored in 1 0% glycerol before the final storage by drying . 
1 0  The gel can be dried under vacuum for 2 hr. at 4°C 
3. 2 .  3 .  Fluorescence · M icroscope: 
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Acridine orange (AO) is used to stain parasites within the RBCs.  This stain 
proved to be effective in ident ifying the different parasite stages. However, this stain 
does not show t he pigmentation of the parasite which plays a role in the differentiation 
between species. The limitation of this stain and the availabil ity of wide spectrum of 
fluorochromes which have affinity to nucleic acids calls for trying new stains that 
rrught overcome the l imitat ion. 
Stains that are u sed are shown In (Fig. 2-2) .  The staining procedure described by 
Kawamotto ( 1 992), for the AO was also applied to these stains with an attempt to 
change the pH of the buffer and the concentration to give better results .  
3.  2 .  3 .  (a)  S ta in ing  p roced u re :  
Materials needed are: Fluorescent stain (Fig. 2-2) and AO solution of 50- 1 00 �g. ml 
in 0 .005-0 .0 1  M Tris- HCI buffer. 
S l ides 
Coverslips 
Dist i l led water 
6 1  
One drop o f  staining solution (approximately 50�1) i s  applied on a t hick or fixed 
thin smear. 
2 Or the staining solution is put on a coversl ip which is then inverted on the slide to 
allow even staining across the smear. 
3 After observation for S rnin. or 1 00 fields screening, the coverslip is  removed and 
the AO specimen is air dried . 
4 Reobservation is possible by placing new coversl ip with a drop of water onto the 
stained specimen. 
5 AO stained specimen can be restrained with AO after several rinsing in methanol 
or with Giemsa for storage 
3. 2 .  1 .  ( b )  D iagnos i s :  
In  the stained smear wi th  AO stains, small lymphocytes and eosinophils are 
seen with red cytoplasm and yellowish green nuclei. The same is noticed with 
parasites 
All the general morphology of the parasite seen with the Giemsa stain is also observed 
with t he acridine orange stain except for pigments, cil ia or flagella. 
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Figure 2-2 The chemical structure of fluorescent stainused to fluoresc
t rrucroscopy 
diagnosis .  
CHAPTER III 
RESULTS 
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Chapter I I I  
Resul ts 
The results are grouped into two sections according to the methods used in the 
diagnosis of malaria; the peR method and the fluorochrom stain groups; both are 
compared with the conventional Geimsa stain method. 
Sect ion 1 :  
G ro u p  ( I) sa m ples :  
Among the 1 3 6  collected samples 5 5  were P. jalcipanrm samples, 76 P. vivax, 3 P. 
malanae samples and 3 mixed samples (P. jalcipantm and P. vi vax) , according to the 
Giemsa stain method. 
Of the total samples investigated for the source of infect ion, Pakistanis account for 
79% and present the main source of P. vivax infect ion. 93% of the total P. VIVax 
infection were originally from Pakistan. The second source of malaria in  the country is 
Oman ( 1 3%) of which 89% were P jalcipanrm. Mghanistan and UAE account for 3% 
of the i nfections and Sudan is 2%, and 2% are unclassified . 
The species most common in the country is P. vivax which represents 56% of the total 
samples while P. jalclparllm infection accounts for 40%, and P. malariae 2% and 
mixed i nfect ions 2%. P. ova Ie infection was not encountered (Table 3 - 1 ) . 
4. 1 D iagnos is :  
Samples from group I were used for the peR detect ion as follow: 
4. 1 . 1 .  peR u s i n g  rvrsp p ri m ers: 
As shown in Table (3 -2), the results of the peR using the MSP primers; al l  P. 
jalclpanlm or mixed infection of P. jafcipanrm are posit ive. P. vivax and P. mafariae 
were negative when using MSP primers as these primers are species specific and they 
anneal with only P. jalciparum DNA. No bands were noticed with peR of human 
DNA with MSP primers. 
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Table 3 - 1 The source of infections and the species of malaria of all samples coUected in 
group I 
Source of infection P. jaicipanlm P. vivax P. mafariae Mix (p .  fal & Total 
P .  viv) 
UAE 2 (3%) 1 0%) 0 0 3 (3%) 
Oman 1 6  (30%) 2 (3%) 0 0 1 8  ( 1 3%) 
Pakistan 32 (60%) 7 1 (93%) 3 ( 1 00) 2 (67%) 1 08 (79%) 
Sudan 1 (2%) 0 0 1 (33 %) 2 (2%) 
Afghanistan 1 (2%) 2 (3%) 0 0 3 (3%) 
Unclassified 2 (3%) - - - 2 (2%) 
Total 54 (40%) 76 (56%) 3 (2%) 3 (2%) 1 36 
( 1 00%) 
Table 3-2 Diagnosis of malaria using PCR of the MSP gene compared with Giemsa 
stain diagnosis .  
Diagnostic Test P. jalciparum P. vivax P. malariae Mix (P. vivax & 
P. [alciparum) 
tvii cro sco py 53 63 .... 3 .J 
PCR +ve 53 0 0 3 
% specificity 1 00 0 0 1 00% 
Total 53 63 * 
.... .... 
.J .J 
( * 2 vivax sample were used as a contro l .  Where 6ml of b lood were orgarucally 
extracted) 
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The bands detected using MSP primers were approximately 500 bp in  size and show a 
great deal of polymorphism in size that could be easily detected on agarose gel or more 
clearly by acrylamide gel either stained with ethidium bromide or silver staining (Fig. 3 -
1 - 3 -4) In some samples more than one band could b e  detected by  the silver staining. 
This could also be detected by AGE but using PAGE stained by silver nitrate more 
samples showed this result .  This can be explained by the higher resolution of 
polyacrylamide gels and t he extreme sensit ivity of the silver stain in comparison with 
ethidium bromide. Detection of more than one band indicates mixed infection with  two 
different strains of P. falclparum as these primers (MSP) are strain specific and they 
show high degree of polymorphism. 
It was noted that sample no 6 was diagnosed at the Malaria Cl inic as P. VI vax, but 
when examined again one gametocyte (gamont) of the P. jalciparum was detected 
This was confi rmed by PCR using polyacrylamide gel stained with silver nitrate but not 
with agarose gel or with ethidium bromide 
As noticed the specificity of MSP primers i s  very high for P. jalciparum samples. But 
they obviously do not indicate whether it is mixed with another species or not . 
M 92 93 9 7  98 1 00 1 0 1  1 02 105 
Polymorphism 
Figure 3 - 1  Result of MSP/PCR prouduct detected on 1 . 8% AGE stained with EtlBr. of P. 
laIc/pan"" samples no. 92. 93 .  97, 98. 1 00. 1 0 1 ,  1 02 and 105 .  A Hind I I I  i s  used as size 
marker Size polymorphism is noticed. 
1 2-l 1 2 3  1 2 2 1 2 1  1 20 1 1 9 1 1 8 M 
500bp 
Figure 3 -2 The MSP/PCR product of P. falc/parum malaria samples no. 
1 1 8, 1 1 9. 1 20. 1 22. 1 23 and 1 2-l seen on 8% continues PAGE stai ned with 
elhidium bromide (EtlBr). I. Hind I I I  DNA digest is used as DNA sIze 
marker (M). The figure shows size polymorphism in  the MSP gene. 
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500bp 
MSP 
polymorphism 
1 02 1 03 1 0.+ 1 0 5  107 108 M 
� l OOObp 
Figure 3-3 Size polymorphism of MSPfPCR product of P. jalciparu/Il 
malaria samples no. 1 02. 1 03.  10'+. 1 0 5 .  107 and 108 seen on 8% continues 
PAGE stained with silver nitrate. 1 Kb ladder is used as DNA size marker 
(M). The figure shows size polymorphism of the MSP fragments. 
M 9 1  90 89 88 87 85 8.+ 82 8 1  
pol ymoirphism 
Figure 3 -'+ The result of MSPfPCR product of P. jalc/parum malana 
samples no 7. 8.+ 92. 93 .  95.  9 . 98. 99 and 1 00 run on 8% continues 
PAGE stained with silYer nitrate. A. Hind I I I  DNA digest is used as DNA 
size marker (M). The figure shows size polymorphism of the MSP 
fragments and double bands are also detected in sample no. which detect 
mix infection of two different P. !a!ciparulI1 strain. 
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Table 3-3 The PCR result using the MSP primers in comparison with Giemsa stain 
d· 
. 
lagnosls 
0 File no. Malaria Giemsa stain Diagnosis. PCR result using MSP primers for P. 
falciparum 
1 187/3 P. v (T. G.) -
2 200/3 P. v (T. G. )  -
..., 206/3 P. v (T.G.) -.) 
4 9/4 P. v (T. G.) -
5 10/4 P. v (T. G.) -
6 26/4 Mix [p. v. (T. G.)  and P. fa!. G] Positive 
7 29/4 P. fal (l 500R) Positive 
8 30/4 P. fal (l 60R) Positive 
9 32/4 P. v (T.G.)  -
10 42/4 P. v (T. G.) -
1 1  53/4 P. fal (550R) Positive 
12 65/4 P. v (T. G.)  -
13 77/4 P. v (R. T .G.) ++ -
14 78/4 P. v (R. T)+ -
15 82/4 P v (T. G.)++ -
16 92/4 P v(T.G.)++ -
17 96/4 P. v Sch -
18 99/4 P v CR .T. G.Sch) -
19 100/4 P. v Sch -
20 10 114 P. v (T G.) -
2 1  104/4 P. v (T. G.) -
22 1 12/4 P. v (G.) -
23 1 13/4 P. v (R. T .)  -
24 1 1414 P. v (Sch.G.) -
25 1 1514 P v (T. G.) -
26 1 19/4 P. v (R.T .G .Sch) -
27 12014 P. v (T. G. )  -
28 124/4 P. v (R. T.G.) 
29 125/4 P. v (T. G.)  -
30 128/4 P. v (T G.) -
3 1  12914 P. v (R.T .G. Sch) -
32 143/4 P. v (T) 
..., ,.., 146/4 P. v (T G.) -.) .)  
34 147/4 P v (T) -
35 152/4 P. v (R. G) -
36 154/4 P v (R.T .G.) -
37 156/4 P v (R.G ) -
38 15714 P. v (T G.) -
39 159/4 P. v (G) -
40 160/4 P v (R. T ) -
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4 1  1 64/4 P v (G) -
42 1 72/4 P . v CT .G . )  
43  20 1 14 P v(T .G . )  -
44 203/4 P . v CT .G . )  
45  2 1 1 14 P v CRT) -
46 2 1 2/4 P . v (R.T .G.) -
48 2 1 5/4 P v (R.T.G.) -
49 222/4 P . v (T . G. )  -
50  226/4 P . v CT . G. )  -
5 1  227/4 P. v (T.G. ) -
52  228/4 P .  v (T .G . )  -
53  23 5/4 P .  v iR.T .G . )  -
54 239/4 P . v (R.T .G. )  -
5 5  242/4 P fal Positive 
56  243/4 P falCG) Posit ive 
57  245/4 P. v (RT .G) ++ -
63 270/4 P v (RT.G . )  -
64 272/4 P v (G. Sch) -
65 273/4 P fa! ( 1  OOOR) Positive 
66 274/4 P v (R T. Sch) +++ -
67 276/4 P v (R.T .G. )  +++ -
75 24/5 P. v (R.T .G)++ -
76 29/5 P .  v (TG)+ -
77 32/5 P. v (T. G) -
78 3 6/5 P. v (T. G) -
79 45/5 P .  v (R T .G)++ -
80 47/5 P v (R. T .G) -
8 1  8 1 /5 P fal Positive 
82 88/5 P .  fa! Posit ive 
83 1 03/5 P . v -
84 1 04/5 P. ma!ariae -
84' 1 3 6/5 P. fa! ( 1 50 R) Positive 
85  290/5 P fa! ( 1 450R G) Positive 
87  1 8/9 P . fal ( 1 900R G) Positive 
88  52/9 P .  fa! (800 R) Positive 
89 62/9 P fa! (2600R) Posit ive 
90 79/9 P . fa! (600R) Posi t ive 
9 1  94/9 P fa! ( 1 50R . G) Posit ive 
92 99/9 P . fa! (R) Positive 
93 207/9 P fa! (3 500R) Positive 
95  282/9 Mix (p. fal & P.v .)  Posit ive 
97 3 3 7/9 P . fa! 1 500R Positive 
98  344/9 P . fal 1 600R Positive 
99 405/9 Mix (p. fal 3000R & P. v) Positive 
1 00 425/9 P fal ( l 400R) Positive 
1 0 1  454/9 P fal (2700R) Positive 
1 02 1 91 1 0  P .fa! (600R) 
1 03 981 1 0  P .fa! (l500R) 
1 04 1 09/ 1 0  P .fal (lOOOR) 
1 05 1 1 31 1 0  P .  fal (1700R) 
1 06 1 1 51 1  0 P . fal (1400R) 
1 07 1 3 31 1 0  P .  fa! (1 600R) 
1 08 1 3 71 1 0  P .  fal (850R) 
1 09 - P .  fal-
1 1 0 - P . fa!-
I I I  3621 1 0  P fal (600R) 
1 1 2 231 1 1 P .  fa! (600R) 
1 1 3 86/ 1 1 P .  fa! (400R) 
1 1 4 1 1 31 1 1 P .  fa! (800R) 
1 1 5 2 1 91 1 1 P . fal (750R + G) 
1 1 6 2401 1 1 P .  fal ( 1 600R) 
1 1 7 255 1 1 1 P. fal (3 80R) 
1 1 8 3221 1 1 P .  fal ( 1 200R) 
1 1 9 3 3 71 1 1 P .  fal (7000R) 
1 20 3 541 1 1 P .  fal (2500R) 
1 2 1  3 5 51 1 1 P .  fa! ( 1 700R) 
1 22 3 561 1 1 P .  fal (2000R) 
1 71 � j  3 6 1 / 1 1 P .  fal (2300R) 
1 24 3651 1 1 P .  fa! ( 1 5000R) 
1 25 78/ 1 2  P .  fa (9500R) 
1 26 921 1 2  P .  fal (2800R) 
1 27 1 771 1 2  P.  fal (4000R) 
1 28 1 78/ 1 2  P .  fal (600R) 
1 29 1 791 1 2  P .  fal (5000R) 
1 30 1 881 1 2  P .  malariae 
1 3 1  1 961 1 2  P . fal ( 1 3 00R) 
1 3 2  2201 1 2  P. fal (3400R) 
I '"' '' j j  2231 1 2  P .  fa! (4000R) 
1 34 2601 1 2  P fal (240R) 
1 3 5  1 06/ 1 P. mal (T .G. Sch) 
P . fal= Plasmodium jalciparum 
P. ma!= Plasmodium malariae 
T= trophozoite 
G= gametocyte (or gamont) 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Posit ive 
Positive 
Positive 
Positive 
Positive 
Posit ive 
Posit ive 
Posit ive 
Positive 
Positive 
Positive 
Posi t ive 
Posit ive 
Positive 
Posit ive 
Positive 
Posit ive 
Positive 
Positive 
Posit ive 
-
Positive 
Positive 
Positive 
Posit ive 
-
P. viv= Plasmodium vivax 
R= ring stage. For Plasmodium jalcipan,m, 
t hese are counted per rnl blood. 
Sch= schizont (or meront) 
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7 1  
4. 1 . 2 .  ested ssrRNA p rim ers: 
ested ssrRNA primers were used to amplify the small subuni t  ribosomal RNA 
genes of the four malaria species. In the first amplificat ion (using PLU primers) a large 
D A fragment of the same size is generated by all 4 species. Nested primers are then 
used in the second amplificat ion applied to the initial DNA fragment generated in the 
first peR reaction, 1D order to differentiate specific fragments of the different species. 
A fragment of about 1 200 bp could be detected with samples after the first 
amplification but later its presence or absence was not checked by AGE and the 
product was directly used in the second amplification (Fig. 3 -5) .  
It is  predicted that for P. v;vax a fragment of 1 20bp should be detected, for P. 
jacliparum 20Sbp, for P. malariae 1 44bp and for P. ovale 800bp (Snounou et at. , 
1 993 ) 
It i s  noticed that F AL primers generate a band of the same size of the control 
P. jalclpanml with all falciparum and vivax sample and it is not able to different iate 
between t hem. Also the human D A is found to give the same but fainter band with 
these primers. In the case of P. vivax; using VIV primers, some of the samples showed 
a band at t he right size of infected D A but others showed bands of size a bigger than 
that of P. vivax and smaller than that of P. jalciparum, t his was shown to be in the 
same position of the fragment of peR react ion with human DNA using P. VlVax 
primers (Fig 3 -6 - 3 -8) .  From t his system only P. vivax infection could be confirmed 
from noticing the band P. vivax at the right size. 
By use of the two peR systems a procedure could not be developed to identify 
the right species as the sample will be always positive with F AL primers. We can only 
say i t  is a falciparum infection if it was posit ive by MSP system, while  the P. vivax 
samples wi l l  only be vivax if the band at the right position is seen with nested ssrRNA 
primers system (Table 3 -3 ) .  
By comparing the results from the  two systems diagnosis is  i l lustrated in (Table 3 -4) 
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Table 3 -4 Comparison of the ssrRNAlPCR and MSPIPCR systems USIng the 
conventional Giemsa staining as reference test. 
Control FAL Control VIV Human DNA (not i nfected ) 
��P + - ve - ve 
PLU + Nothi� seen Nothing seen 
FAL + as negative at the begining, + Faint band at 205bp 
hen faint F AL band i s  seen 
VIV - ve Expected size ( 1 20bp) + bigger size than expected 
for parasite DNA 
(I) F AL only sample: 
Result Conclusion 
MSP + F AL positive 
PLU FAL + F AL posit ive 
VIV -( or + for wrong size) Sample only F AL 
(II) VIV on y samp e :  
Result  Conclusion 
MSP + Not F AL sample 
PLU FAL + OR- V1V positive 
VIV + * of ri...&ht size Sample V1V only 
(III) Mixed VIV & F AL Infection' 
Result Conclusion 
MSP - F AL posit ive 
PLU FAL + V1V posit ive 
VIV +* F AL/VIV infection. 
* We might have 2 bands; one of the correct Size of Viva X parasites and one of the 
wrong size (same size of human DNA band) .  
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Table 3-5 The result of the two PCR systems compared with Giemsa stain diagnosis: 
0 Fi!e Malaria clinic MSP primers FAL primers VIV primers Conclusion 
no. Diagnosi s .  
1 1 87/3 P . v (T G.) - + + only viv 
2 200/3 P .  v (T .G .) - + + onlL viv 
5 1 0/4 P .  v (T . G. )  - + + only viv 
8 30/4 P .  fa! ( l 60R) + + - only fa! 
1 1  5 3/4 P .  a1J550R) + + - only fa! 
1 3  77/4 P .  v (R.T .G . )  ++ - + + only viv 
1 4  78/4 P. v JF..T . )+ - + + only viv 
1 8  99/4 P .  v (R.T .G. Sch) - + + only viv 
20 1 0 1 14 P .  v (T.G . )  - + + only viv 
_7 1 20/4 P. v JT .G . )  - + + only viv 
42 1 72/4 P .  v (T .G . )  - + + only viv 
43 20 1 14 P .  v (T.G . )  - + + only viv 
44 20314 P. v (T .G. )  - + + on!Y viv 
45 2 1 1 /4 P v (R. T) - + + only viv 
46 _ 1 214 P v (R.T .G . )  - + + onlL viv 
48  2 1 514 P .  v (R. T G )  - + + only viv 
49 222/4 P v (T G . )  - + + only viv 
50 22614 P v (T .G . )  - + + only viv 
5 1  227/4 P. v JT.G )  - + + only viv 
52  228/4 P. v (T.G . )  - + + only viv 
5 5  24214 P .  fal + + + mixed 
56  243/4 P .  fa! (G) + + + mixed 
57  245/4 P .  v (R.T .G) ++ - + + only viv 
5 8 *  24414 P v (R.T. G . )  not done + ...L VIV 
64 272/4 P. v (G. Sch) - + + onlL viv 
65 27314 P .  fal 1 000R + + + mixed 
66 27414 . v. (R T. Sch)+++ - + slight + only viv 
8 1  8 1 15 P. fa! + + - only fa! 
1 05 1 31 1 0  P .  fal (l 700R) + + - only fa! 
1 09 - P. fal + + - only fa! 
5 8 *  used with ssRNA primers system and not with MSP pnmer system. 
P. VIV= Plasmodium vivax P fal= PlasmodIum lalclparum 
p rnal= PlasmodIUm malanae R= nng stage. which are counted per rnl for Plasmodium 
lalclparum. 
T= triphozOlte Sch= schizont (or meront) G= gametocyte (or gamont) 
M CF CY 20 27 8 1  105 108 
1000bp � 
PLU product -
205bp 
220bp � 
Figure 3 -5 PCR product of the first amplication using the 
ssRNA pri mers. Two bands of about 1 200bp are seen with P. 
(alc/parulI/ control (CF), samples no. 20 and 27 and not ,vith 
the rest control P. vivax, samples no. 8 1 .  1 05 and 1 08, but stil l  
a second amplification is done to generate species speci fic 
smal l fTagment. 
Sample M 
Peimers 
CF CY 
F Y F 
Human 
Y F Y P P 
Human 
Y F 
cv 
Y F 
200bp = 
= 1 20bp 
CF 
Y F 
= 
Figure 3-6 Amplification of DNA from ssrRNA of P. jalciparulII. P. vivax and Hwnan DNA, 
using ssrRNA primers (F AL & VIV). Control P. jalciparulII (CF) gave a band of 205bp with 
FAL primers and no band with VlY primers. Control P. vivax (CV) gave a faint band with 
FAL primers (should not be), and a strong band of l 20bp with VlY primers. Human D
NA 
react with these two set of primers and resul ted in a band similar to that of P. jalciparu
m but 
larger than that of P. vivax band. The same result  is i l lustrated in  the diagram i n  the ri
ght to 
the picture. 
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amples 1 0 5  1 09 2 5 8 1 1  1 3  
Pnmers F \' \' F \' F \' F \. F \' F \' F \' F \' 
1 000bp 
205bp F 
1 20bp 
Primers 
U nspecific 
band 
Figure3-7 The PCR result of malaria samples using the nested (ssRNA) primers in  the second 
amplification. 200bp fragment specific for P. falciparul11 samples (no. 105 ,  1 09, 8 and 1 1 ) which 
IS doubled in samples no. 8 ,  1 1  and 1 3 .  It is also seen in all the samples. A samller band (of about 
1 00bp. )  is seen with some samples when usi ng F AL primers (samples no. 1 ,  2, 5 and 1 3 ), along 
with the 200bp fragment. 1 20bp fragment is specific for \'i\'ax samples. (no. 1 ,  2, 5 and 1 3 ) .  
Larger band could be detected with samples no. I OS, I 08 and sample no.  2 got them both. 
Samples M CF 55 56 57 58 64 65 66 81  
Primers F V F V F V F \' F V F V F V F V F V 
205bp VIV -+� 
1 20bpVIV 
Figure 3-8 PCR product of malaria samples using the nested (ssRNA) pri�ers in the second 
amplification. The 200bp band specific for P. falciparulll samples (no. 6'+, 6)and 8 1 )  seen wIth 
all samples, with another band of about I OObp. (samples no. 56, 57, 6'+, 66 and 8 1 )  1 20bp P. 
vivax specific band (samples. no. 56, 57, 58 and 66). Noticing a larger band than 1 20bp 111 
sample no. 8 1 .  PLU band could be noticed ( around 1 200bp) 
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ect ion 2 
G ro u p  ( I I )  s a m p le : 
The collected samples of group II were of Pakistanis patients, but the source of 
infect ion as in (Table 3 - 5 )  indicated that (89%) were infected in  Pakistan while 1 2% 
got infected in  Oman. 
According to the Giemsa stain method, the prevalence of the four speCIes was as 
follows; 8 1  % P. vivax, 1 7% P. jalciparum, and 1 .92 % was P. malariae with 0% for 
P. ovale 
(67%) of P. jalclparum infections were transmitted in  Oman. While 3 3% were 
imported from Pakistan. All the P. vivax and P. malariae were imported from Pakistan 
with no P. ovale cases. 
4. 1 .2.  Fluorescence m ic roscopy d iagnos i s :  
The samples from group I I  were used for the  fluorescence microscopy usi ng 
t he different fluorochrome stains described in  chapter II .  
These were compared with results obtained from the conventional staining by Giemsa 
as shown in Table (3-6) .  
Only acrid ine orange gave reliable results demonstrating the parasite (plate 3 - 1 ). 
The WBC were used to j udge the success of the stain as the fluorochromes are specific 
for t he nucleic acid and not for RBCs unless i t  has parasites. 
Stain ( 1 2) stain WBC with a green fluorescent color and another give a red color ( 1 9) 
which suggest that a differential staining could be obtained by applying the two stains 
for the same sample and this resulted in giving a d ifferential color which was not same 
as the acridine orange (Plate 3 -2) .  
The acrid ine orange was noted to stain the nucleus of the WBC with a greenish color 
leaving the cytoplasm red this  was also applied to the malaria parasite. 
I t  was noticed that gametocytes (gamonts) were not able to take up the stain as 
strongly as the other erythrocytic stages (for few samples) (plate 3 - 1 ). 
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Table 3 -6 The source of infect ions and the species of malaria of all samples collected in 
group II 
Source of P. jalciparum P. vivax P. malariae Total 
infect ion 
Oman 6 (67) 0 0 6 (12) 
Pakistan 3 (33%) 42 ( 1 00%) 1 ( 1 00%) 46 (88%) 
Total 9 ( 1 7  %) 42 ( 8 1%) 1 (2%) 52 ( 1 00%) 
Table 3 -7 The fluorescent microscope diagnosis compared to light 
microscope d iagnosis using Giemsa stain 
No. File no.  Light microscope diagnosis Fluorescent microscope diagnosis 
1 2/4 P .  v (T. G . )++ P .  viv (T) with AO 
2 2 1 14 P. v (R .T .G) P. viv (R) with AO 
,., 5 1 14 .) P .  viv * could not be detected 
4 54/4 P . viv * could not be detected 
5 69/4 P .  mal * could not be detected 
6 1 3 2/4 P. fal * could not be detected 
7 1 3 514 P .  viv * could not be detected 
8 1 3 6/4 P .  viv * could not be detected 
9 1 45/4 P. viv * could not be detected 
1 0  1 46/4 P. viv (T .G. ) * could not be detected 
1 1  1 49/4 P .  viv (R.T .G) * could not be detected 
1 2  1 5 1 14 P .viv (RT .G . )  P .  viv (RT.G. )  with AO 
1 3  205/4 P .viv (R.T .G . )  * could not be  detected 
1 4  24014 P viv (R T) P. viv (R) with AO 
1 5  275/4 P .viv (R.T .G . )  * could not be detected 
1 6  278/4 P .viv (R.T .G) * could not be detected 
1 7  28 5/4 P viv (RT .G) * could not be detected 
1 8  29314 p,  viv (T.G) P.  viv (R.T) with AO 
1 9  294/4 P .  viv (RT. G) P . viv (RT .G) with AO 
20 29514 P .  viv (R T. G) * could not be detected 
2 1  29714 P .  viv (RT. G) p,  viv (RT.)  with AO 
22 298/4 P. viv (R. T . G) P . viv (R,T.G, )  with  AO 
23  30014 P . fal (G) P. fal (G. R) with AO 
24 3 1 2/4 P .viv (R.T. G. ) p ,  viv (R T) with AO 
25  3 1 4/4 P .viv (R ,T .G. )  P. viv (R.T) wi th  AO 
26 322/4 P .viv (R.T . G) * could not be detected 
27  3 3 514 P , viv (RT.G . )  * could not be detected 
28  3 5 1 /4 P .viv (R.T . G,) * could not be detected 
29 3 52/4 P ,viv (T. G. )  * could not b e  detected 
3 0  3 6214 P .vlv (R,T .G. )  * could not be detected 
3 1  364/4 P viv (R.T. G) * could not be detected 
3 2  3 66/4 P .viv (R.T G. Sch) * could not be detected 
3 3  24/5 P viv (RT .G.) P. viv (R.T.G.) with AO 
34 77/5 P .  fal (l500Rfrnl) * could not be detected 
3 5  92/5 P .viv (R.T .G) * could not be detected 
3 6  97/5 P .viv (R.T . G.) * could not be detected 
3 7  1 02/5 P .viv (R.T .G . )  * could not be detected 
3 8  1 1 7/5 P . fa! (Rl P .  fa! (R) with AO 
3 9  1 4 8/5 P .viv (R.T .G. Sch) P.  viv (R.G.T) with AO 
40 1 8 1 15 P fal (R) P. fal (R) with AO 
4 1  2 1 1 /5 P. fal (R) * could not be detected 
42 5 816 P .vivlT.Gl * could not be detected 
43 9 1 /6 P fal (R) * could not be detected 
44 94/6 P. fal (R) * could not be detected 
45 1 0 1 16 P .viv (R.T .G) * could not be detected 
-+6 1 08/6 P viv (R.T .G . )  * could not be detected 
47 l 3 2/6 P viv (R .T .  G) * could not be detected 
-+8  228/6 P .viv (R.T .G . )  * could not be detected 
49 232/6 P .  fal eR G. )  P . fal (R G) with AO 
50 242/6 P viv (T. G. )  P .viv T with  AO 
5 1  243/6 P .viv (R T. G. )  P .viv (RT.G. )  with AO 
52  244/6 P .viv (R .T .G . )  P .viv ( R.T . )  wi th  AO 
*= samples tested with stain other than AO 
P fal= PlasmodIUm fafclporulIl 
P mal= PlasmodIum malorrae 
P. viv= PlasmodiulII II/Vax 
R= ring stage. which are counted per ml for Plasmodium 
falc/parum 
T= tnphozOlte Sch= schizont (or merom) G= gametocyte (or gamont) 
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Cha pter I V  
Discus ion 
Malari a  is an Important worldwide disease not only affecting the developing 
countries but developed countries too. Imported malaria is sti l l  one of the major health 
problem especially in non-malarious regions where misdiagnosis could  lead to crises. 
Malaria could also be reintroduced to areas where malaria has been eradicated. As stated 
by Spielman ( 1 994), malaria derives mainly from human disturbance of the environment 
and i ts resolution depends on realistic measures that regulate the l ife of the vector. 
The high mortality rate of thi s  disease, most ly in Africa (WHO, 1 993), is  sti l l 
chal lenging the eradicat ion programs. These programs are supported by the effort of 
scientists to find new and long term effective methods of diagnosis, treatment and control .  
Control l ing the vector have a great influence on the whole process because of its obvious 
role in spread ing t he disease. However resistance against the available insecticides has 
been developed by these vectors by either; tolerating insecticides of high dose or by 
changing the behavior pattern to avoid contact with i t .  
Fortunately, research on malaria has been profoundly affected by application of 
molecular b iology techniques One of the new strategies that greatly influenced control 
programs is based on these techniques, aiming to built a world free from infected 
mosquitoes (Spielman, 1 994). Steri le transgenic male mosquitoes has been developed but 
they are unl ikely to be  sustainable because of the influx of mosquitoes from surrounding 
areas. A more sustainable one could be the use of a strain unable to carry the disease but 
able to replace t he vector population after seeding with l imited numbers of reared and 
released i nsects (Curtis, 1 994). An annual cycle of transgenic mosquitoes release would be 
required to maintain the desired level of vector incompetence ( Spielman, 1 994) .  
Resistance of  P. jalciparum t o  the exist ing drugs, i s  another senous problem 
spreading in many parts of the world with the emergence of mult i-drug resistance strains 
and P VIVax resistant strains .  Mechanism of t hi s  resistance have been explained by 
molecular biology techniques on the basis of genetic mutations. Another critical step has 
also been made in the development of malaria vaccines based on the information of 
molecular biology of the parasite. In August 1 994, the first trial of Patarroyo' s synthetic 
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vaccine has showed a great proffiJ· se f 11· h d � 0 contro mg t e isease (Tanner et aI. , 1 995) .  
Asymptomatic cases appear to play a major role in persistence of malaria i n  endemic foci 
and are d ifficult to eradicate (Tanpradist et aI. , 1 995) .  Mixed malaria infections (P. 
jalclpantm and P. VI vax) , are suspected to occur at greater frequency than is detected by 
conventional l ight microscopy (Brown et aI. , 1 992), where the possibi lity that malaria 
patIents may have undetected mixed infect ions should be kept in mind because of the 
specific t herapy required both for P. jalcipanmt and for radical cure of P. vivax, which 
may have a suppressive effect on P. jalciparum (Brown et aI. , 1 992) So, the detection of 
mixed and asymptomic infections is important not only for successful medical treatment 
but also for screening the true incidence of each species and consequently its transmission 
potential (Snounou et al. 1 993c) .  
A high sensit ive diagnostic tool is also of great importance in screening blood for 
donation As stated by Hang et al ( 1 995) ,  the minimum number of parasites required to 
transmit malaria by blood transfusion may vary for individual recipients, but i t  i s  known 
that a single parasite can transmit the disease in mice. When a large volume of blood is 
being del ivered to transfusion recipients, a very sensit ive test is required to minimize the 
risk of parasite t ransmission. If only one parasite could be detected in 50 Ill, then several 
thousand parasites may be in the full unit and sti l l  pass undetected. This i l lustrates the 
importance of developing a very sensitive diagnostic test that should minimize, though 
never el iminate the risk of malaria transmission by blood transfusion (Hang et ai. , 1 995) .  
The work done in this thesis, is assessing new techniques of molecular biology that 
could help in the sensitive detection of parasites. The diagnosis of malaria infection 
presented in  this work concerns two types of techniques. The polymerase chain reaction 
(PCR) and fluorescent staining. These new methods are compared with the conventional 
method using Giemsa thick smear (GTS) which is used as the reference technique. The 
prevalence of the malaria parasite in AI-Ain, UAE, is as follows 70% for P. jalcipanlm, 
30% for P. VIVax and 1 -2% for each P. malariae and P. ovale (Dar et aI. , 1 993) .  The data 
of the species prevalence presented in this study for group (1) samples (diagnosed by the 
Giemsa stain in the Malaria Cl inic) can not be passed as a model for the real situation in  
AI-Ain  d ist rict, since the method of collection d id not  cover the whole year and collection 
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was done selectively for P. jaLclpanlm samples as this species has the highest incidence in 
the d istrict and it is  the most troublesome species. The prevalence in group (I) samples is, 
40% P. jalciparum, 56% P. vilrax and 2% mixed (P. jaLciparum and P. vivax) infection 
and 2% P. maLanae 
For group (II), also the collection of samples was not representative as it only covered 
about t hree months; Apri l-June. The samples were collected according to the degree of 
parasitaemiae. P. jaLclparum samples were low in number as this species has a seasonal 
peak in September (Fig. 1 -6 and 1 -7) P. jafciparum accounted for only 1 7% of the 
samples collected, P. v;vax for 8 1  % and P. malariae for 2%. 
The results of the PCR system showed high sensitivity when using MSP primers specific 
for P. jaLciparum. MSP primers could detect as low as one parasite per sample detected 
by Giemsa thick stain. This was true  for sample no. 6 which was diagnosed as P. vivax, 
but when reexamined one P. jafciparum gametocyte (gamont) could be seen by light 
microscopy. The MSPIPCR system was successful in tracing this low infection. It was 
highly specific as only falciparum samples were positive with no PCR product with 
uninfected human D A or with other malaria species. 
The sensitivity of the detection system of agarose gels could be increased by 
running more volume of the PCR product on the gel or the template used in the PCR. The 
sensitivity of the polyacryl amide gel (or PAGE) method could be increased by using silver 
nit rate rather than ethidium bromide. In cases of unequivocal diagnosis results could be 
due to the absence of the target sequence which could be explained by the 
deletion/mutation of the sequence homologous to the primers, or may be due to 
degradation of the DNA during sample preparation and storage or may reflect incorrect 
microscopic identification (Barker et al. , 1 994) .  Furthermore the presence of human DNA 
ill the reaction alter the efficiency of the PCR reaction, since significant inhibition has been 
observed when a large excess of human DNA has been included in the PCR reaction 
(Snounou et af , 1 993 b) Negative PCR samples may also be due to treatment which is not 
adequate to expose the DNA for amplificat ion or that the DNA had degraded after 
collection (Long et al. , 1 995) .  Negative PCR could also be explained by the inhibition of 
PCR by sample components, or the target may not be accessible because of inadequate 
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cel lu lar lysis, or the target sequence copy number may be too low for ampucons to be 
detected under condition used (Barker et aI. , 1 994). 
The PCR system using ssrRNA primers, as described by Snounou et ai. ( 1 993a), 
should be very sensi t ive. It is claimed to be only specific for malaria species, with no 
human reaction detected. Unfortunately the situation was not so when conducted in our 
laboratory As shown in Figures (4-7 and 4-8) the results obtained using F AL primers 
gave the same size specific band of 205bp for al l  samples. Some have double bands at 
205bp and another band of about 1 00bp could be detected. It was also noticed that using 
VIV p rimers, a band of about 1 60bp resulted with some of P. jaiciparum samples (P. 
VlVax specific band i s  1 20bp) 
Hence the annealing temperature and the Mg2+ concentrat ions for the peR were 
changed to find the suitable conditions in order to overcome the nonspecific reactions, P 
jalciparum specific bands was noticed with human DNA using FAL primers and a band 
bigger than P. VlVax of about 1 60bp was not iced when using VIV primers (Fig. 4-6), while 
at the same t ime no band had resulted from MSPIPCR system. 
Another set of primers were used by Snounou et at. , ( 1 993b), that could ampl ify different 
portion of PLU gene in the second amplification for each species. Non-specific amplified 
fragment, even with human DNA, were reported For P. malariae and P. ovale the 
primers were less sensitive than that of P. jalciparum and P. vivax (Snounou et af. , 
1 993 b )  But  for the p rimers u sed i n  this work, non-specific reactions were not mentioned 
(Snounou et ai. , 1 993 b )  
Thus, by comparing the  results of  ssrRNA with MSP it was found that MSP 
primers were very specific for P. jalciparum, while the ssrRNA primers used were not .  
They could not differentiate between falciparum and vivax samples. This could be 
explained because the ssrRNA genes are highly conserved between the species and there is 
a great deal of homology that the primers could anneal to. But the size of amplified 
fragment could vary and that is why we see differences in band sizes especially with VIV 
primers. Another explanat ion  could be that the source of these bands was human DNA as 
it was found to amplify with both F AL and VIV primers. Therefore the resul ts  presented 
in (Table 4-5) could be true for VIV primers as the difference in size could be one of the 
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factors, and that is different with F AL primers . The MSP primers should therefore be used 
as t he reference for P. ja/clparum samples diaonosis usino PCR We suooest to use more � � . �� 
specific ssrRNA primers in diagnosing malaria but a much more convenient way is to 
design MSP gene primers that are specific to detect P. vivax infection as these are more 
reliable than the ssrRNA gene primers . 
On the other hand, fluorescence staining detection system was found not 
competit ive to the Giemsa staining. Only acridine orange (AO) was successful, to detect 
parasites at 40X objective of the fluorescence microscope. The same properties of shape 
and differential staining of chromatin and cytoplasm seen with Giemsa could be applied to 
t he AO except for the pigmentation. AO was not able to identify al l  the stages of the 
parasite as in Giemsa staining (Table 4-7). As the staining of the WBC reflecting the 
quality of the fluorescent staining of the parasite have indicated, few of the new stains 
(Fig 2-2) used were successful .  Stain (# 1 2) stains the WBC with green color while stain 
# 1 9  stains them with red color, the same as the background that make it hard to 
distinguish the parasite stages. Trying to come up with differential stain color to the WBC, 
combination of the two stains was attempted . This resulted in improved staining of the 
WBC, but not the parasite that could hardly be seen. 
C HA PTER V 
C O N C LUS IONS 
8 8  
From the results obtained t hroughout this thesis, it is concluded that neither PCR­
based d lagnosis nor fluorescent staining could replace the conventional microscopy using 
Giemsa stain in the routine diagnosis of malaria. This is t rue as both techniques require 
costly equipment and material (Taq polymerase and thermocycler for PCR and fluorescent 
microscope for fluorescent staining) . However, it is suggested that the assay could be 
suitable for hospital and clinic practice (Snounou e t  aI. , 1 993a), and can be practiced 
under field conditions in developing countries by replacing the thermocycler with three 
water bathes and one technician (Hang et af. , 1 995), and by the availabi l ity of cheaper 
fluorescent microscopes, or the introduction of interference filters to the ordinary light 
microscopes (Kawamoto, 1 99 1 ;  Kawamoto and Bi l l ingsley, 1 992). St i l l  I believe it is  more 
expensive in comparison to l ight microscopy. 
Considering the t ime scale, the PCR-based diagnosis takes longer although 
accurate results are obtained . The peR results take more than one day whereas in light 
microscopy the resul t  is obtained within half an hour. However, DNA-based diagnosis is 
of great importance as it could differentiate between different malaria species and strains, a 
task a microscope can not achieve. This could be (of great) value in epidemiological 
studies and surveys. 
Field based molecular epidemiology could potential ly identify routes of infection, 
persistent foci and unusually infectious individuals. In principle, PCR bar-coding of P. 
falciparum fingerprick samples combined with detailed field observation could reconstruct 
local network of infection (Aront et aI. , 1 993) .  These techniques need to be improved and 
wel l  designed procedures should be introduced. The ssrRNA primers used in this thesis 
proved not to be specific for the differentiation of species. New primers should be 
developed and ssrRNA gene based primers should be avoided. 
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This work only covers a part of the problem of malaria control ,  that is diagnosis, 
sti l l  other branches need to be explored. As the epidemiology of malaria result from the 
interaction of the three gene pools- parasite, human and mosquito vector- with one 
another and their environment (Viriyakosol et ai. , 1 995), field studies of these three pools 
need to be implemented. fore work is needed to improve the conditions of the PCR 
sy terns used ill this work and a proper desIgn of the whole system including the primers 
used to overcome its drawbacks. Other aspects of control require more interest especially 
in the management of the environment . Meanwhile, the diagnosis of malaria infection 
remains dependent on visual detection of the parasite in the blood smear (Bruce-Chwatt, 
1 987 ;  Howard et aI , 1 987 ;  Makler et al. , 1 99 1 ;  Wilson, 1 993 and Tranpradist et al. , 
1 995) .  
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Appendix 1 :  Group I samples used in  peR diagnosis. 
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Diagnosis. infection. 
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5 2/4/94 1 0/4 P .y IT.G.) Pakistan 
6 4/4/94 26/4 mix [p. y .  Pakistan 
(TG. ) and P .  
fal .  GJ 
7 4/4/94 29/4 P .fai 1 500R Oman 
8 4/4/94 30/4 P .fai 1 60R Pakistan 
9 4/4/94 32/4 P·ylT.G.) Pakistan 
1 0  5/4/94 42/4 P .y(TGl Af�harustan 
1 1  5/4/94 53/4 P .fai5 50R Sudan 
1 2  7/4/94 65/4 P.y(TG.) Pakistan 
1 3  1 0/4/94 77/4 P.�T G1++ Pakistan 
1 4  1 0/4/94 78/4 P .y (R.T)+ Pakistan 
1 5  1 0/4/94 82/4 P.y(TG.)++ Pakistan 
1 6  1 1 /4/94 92/4 P .y(T. G.)++ Pakistan 
1 7  1 1 /4/94 96/4 P .y  Sch Pakistan 
1 8  1 1 /4/94 99/4 P .  V'ffi. T .  G. Sch) Pakistan 
1 9  1 2/4/94 1 0014 P .y  Sch Pakistan 
20 1 2/4/94 1 0 1 /4 P .y (TG.) Afgharustan 
2 1  1 3/4/94 1 04/4 P.y(TG.) Pakistan 
22 1 3/4/94 1 1 2/4 P.'v'[G.) Pakistan 
23 1 3/4/94 1 1 3/4 P .y(R. T) Pakistan 
24 1 3/4/94 1 1 414 P .y(Sch .G.) Pakistan 
? �  - ) 1 3/4/94 1 1 5/4 P·yiTG.) Paki stan 
26 1 4/4/94 1 1 914 P .y  Pakistan 
(R.T G. Sch) 
27 1 4/4/94 1 20/4 P .y(TG. )  Pakistan 
28  1 6/4/94 1 24/4 P .y(R.TGl Pakistan 
29 1 6/4/94 1 2514 P.y LTG.) Pakistan 
30  1 6/4/94 1 28/4 P .y iTG. ) Pakistan 
3 1  1 6/4/94 1 2914 P.y UAE 
(R.TG. Schl 
32  1 6/4/94 1 43/4 P .y (T) Paki stan 
..., ., 1 6/4/94 1 46/4 P.y (TGl Pakistan .J .J  
34 1 6/4/94 14714 P.y iT) Pakistan 
3 5  1 7/4/94 1 52/4 P .y(R.G) Oman 
36  1 7/4/94 1 54/4 P.y(A. TG.)  Pakistan 
37  1 7/4/94 1 56/4 P .vffi:G.) Pakistan 
3 8  1 8/4/94 1 57/4 P.y(T G. )  Pakistan 
39  1 8/4/94 1 59/4 P .y(G) Pakistan 
40 1 8/4/94 1 60/4 P.v(R.T) Pakistan 
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47· 24/4/94 2 14/4 P. v. (R. T G) Oman 
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54 26/4/94 239/4 P .v(R.T G.) Pakistan 
5 5  27/4/94 242/4 P .fal Oman 
56 27/4/94 243/4 P .fa!(G) Pakistan 
57  27/4/94 245/4 P.v (R.TG) ++ Pakistan 
5 8  27/4/94 244/4 P.v .  (G) Pakistan 
59  27/4/94 247/4 P .v  (R.TG. S) Pakistan 
60 28/4/94 254/4 P.v(TG.) Pakistan 
6 1  28/4/94 264/4 P.v(R.TG )  Pakistan 
62 28/4/94 265/4 P. v. (TG.) Pakistan 
63 30/4/94 270/4 P .v(RTG.) Pakistan 
64 3 0/4/94 272/4 P .v (G. Sch) Pakistan 
65 3 0/4/94 273/4 P . fal l 000R Pakistan 
66 3 0/4/94 274/4 P.v .+-t+(R. T Pakistan 
Sch) 
67 30/4/94 276/4 P.v+-t+ Pakistan 
(R.TG.) 
68 1 /5/94 5/5 P .V (G) Pakistan 
69 1 /5/94 6/5 P. v. (TG) Pakistan 
70 1 /5/94 8/5 P .v (R.TG.) Pakistan 
7 1  1 15/94 7/5 P .v(T. G) Pakistan 
72 1 /5/94 9/5 P .v(R.TG)+-t+ Pakistan 
73 1 /5/94 1 0/5 P. v . (TG) Pakistan 
74· 1 /5/94 1 2/5 P.v(TG) Pakistan 
75  2/5/94 24/5 P.v(R T G)++ Pakistan 
76 3/5/94 29/5 P.v(TG)+ Pakistan 
77 3/5/94 32/5 P.v(TG) Pakistan 
78  3/5/94 36/5 P. v(TG) Pakistan 
79 4/5/94 45/5 P.v(R. T G)++ Pakistan 
80 4/5/94 47/5 P.v(R. TG) Pakistan 
8 1  8/5/94 8 1 /5 P .fa! Pakistan 
82 9/5/94 88/5 P .fa! Oman 
83 1 0/5/94 1 03/5 P.v. Pakistan 
84 1 1 15/94 1 04/5 P. malariae Palci stan 
84' 1 4/5/94 1 36/5 P .fale1 50 R) Oman 
85  29/8/94 290/5 P . fa! (R. Pakistan 
86- 3 0/8/94 305/8 
G)1450 
P .  fa! 600 R Pakistan 
87  3/9//94 1 8/9 P .fa! (R. Palcistan 
G)1 900 
88  4/9//94 5 2/9 P .  fal 800 R Palcistan 
89  4/9//94 62/9 P . fa1 2600R Pakistan 
90 5/9/94 79/9 P . fal600R Palcistan 
9 1  6/9//94 94/9 P . fa1 1 50RG Palcistan 
92 6/9//94 99/9 P . falR Palci stan 
93 1 3/9/94 207/9 P . fa13 500R Palcistan 
94 - - 1 7/9/94 260/9 P .  Y.(RTG) Pakistan 
95 1 8/9/94 282/9 MIX (p. fa! Palcistan 
&P .Y.) 
96 1 8/9/94 288/9 P. Y. Palcistan 
97  20/9/94 3 3 7/9 P . fa1 1 500R Pakistan 
98  20/9/94 344/9 P . fa! 1 600R Palcistan 
99 24/9/94 405/9 MIX (p. falR Sudan 
3000 &P. Y.) 
1 00 25/9/94 425/9 P .fa1 1 400R Sudan 
1 0 1  27/9/94 454/9 P . fa! 2700R Palcistan 
1 02 1 1 1  0/94 1 91 1 0  P . fa1 600R Pakistan 
1 03 8/ 1 0/94 981 1 0  P . fa! 1 500R Palcistan 
1 04 911 0/94 1 091 1 0 P . fal 1 000R Pakistan 
1 05 91 1 0/94 1 1 31 1 0  P . fa!  l 700R Pakistan 
1 06 91 1 0/94 1 1 5/ 1 0  P . fa1 1 400R Palci stan 
1 07 1 1 1 1  0/94 1 3 3 1 10  P . fal 1 600R Pakistan 
1 08 1 1 1 1 0/94 1 3 71 1 0  P . fa1 850R Pakistan 
1 09 1 21 1 0/94 Hospital 1 P .fal- Pakistan 
1 1 0 1 21 1 0/94 Hospital 2 P . fal- Palcistan 
1 1 1  291 1 0/94 3621 1 0  P . fa1 600R Palcistan 
1 1 2 21 1 1 /94 231 1 1 P . fa1 600R Afganistan 
1 1 3 81 1 1 /94 861 1 1 P .fa1 400R Pakistan 
1 1 4 91 1 1 194 1 1 3 1 1 1 P . fa1 800R Paki stan 
1 1 5 1 91 1 1 /94 2 1 91 1 1 P . fa! 750R + G Pakistan 
1 1 6 2 1 1 1 1 /94 2401 1 1 P .fa1 1 600R Oman 
1 1 7 2?1 1 1/94 255/1 1 P . fa1 3 80R Pakistan 
1 1 8 27/ 1 1 /94 3221 1 1 P . fal l ?OOR UAE 
1 1 9 291 1 1 /94 3 371 1 1 P .fa1 7000R UAE 
1 20 291 1 1 194 3 541 1 1 P . fa1 2500R Oman 
1 2 1  291 1 1/94 3 5 51 1 1 P .fal 1 700R Pakistan 
1 22 291 1 1 194 3 561 1 1 P . fa1 2000R Oman 
1 23 30/1 1 /94 36 1 1 1  1 P . fa! 2300R Pakistan 
1 24 30/ 1 1 /94 3651 1 1 P .fa! 1 5000R Oman 
1 25 1 0/ 1 2/94 78/ 1 2  P .fa 9500R Oman 
1 26 1 01 1 2/94 921 1 2  P .fal 2800R Pakistan 
1 27 1 8/ 1 2/94 1 77/ 1 2  P .fa1 4000R Oman 
1 28 1 8/ 1 2/94 1 781 1 2  P .fa1 600R Oman 
1 29 1 8/ 1 2/94 1 791 1 2  P .fal SOOOR Oman 
1 30 1 8/ 1 2/94 1 881 1 2  P.malariae Paki stan 
1 3 1  1 91 1 2/94 1 961 1 2  P .fal 1 3 00R Oman 
1 32 2 1 1 1 2/94 2201 1 2  P .fa1 3400R Oman 
1 3 3 2 1 1 1 2/94 2231 1 2  P . fa1 4000R Oman 
1 34 241 1 2/94 2601 1 2  P .fa1 240R Oman 
1 3 5  91 1 /95 1 061 1 P .mal Pakistan 
(T.G. Sch) 
Appendix 2. Group I I  samples u sed in  the fluorescent diagnosis. 
o. Date of File no. Age National iy Source of Malaria clinic 
sample. yr infection Diagnosis. 
1 1 /4//95 2/4 - Pakistan Pakistan P .v  (T . G.)++ 
2 2/4/95 2 1 /4 - Pakistan Pakistan P. v (R.T.G) 
3 3 1 /3/95 5 1 /4 - Pakistan Pakistan P .v 
4 2/4/95 54/4 - Pakistan Pakistan P .v 
5 2/4/95 69/4 - Pakistan Pakistan P .mal 
6 4/4/95 1 32/4 - Pakistan Pakistan P.  fal .  
7 4/4/95 1 3 5/4 - Pakistan Pakistan P .v  
8 4/4/95 1 36/4 - Pakistan Pakistan P.v 
9 1 2/4/95 1 45/4 30  Pakistan Pakistan P .v(T .G.) 
1 0  1 2/4/95 1 4614 3 5  Pakistan Paki stan P.v(T .G.) 
1 1  1 2/4/95 1 49/4 3 5  Pakistan Pakistan P.  v (R.T.G) 
1 2  1 7/4/95 1 5 1 14 30  Pakistan Pakistan P .v(R.T.G.) 
1 3  1 9/4/95 205/4 3 5  Pakistan Pakistan P.v(R.T.G.) 
1 4  22/4/95 24014 3 5  Pakistan Pakistan P .v (R.T) 
1 5  23/4/95 275/4 40 Pakistan Pakistan P.v(R.T.G. )  
1 6  23/4/95 27814 40 Paki stan Pakistan P. v (R.T.G) 
1 7  23/4/95 28514 40 Paki stan Pakistan P.  v (R.T.G) 
1 8  23/4/95 29314 45 Pakistan Pakistan P .v(T .G) 
1 9  23/4/95 29414 40 Paki stan Pakistan P.  v (R.T .G) 
20 24/4/95 295/4 3 5  Pakistan Pakistan P.  v (R.T.G) 
2 1  24/4/95 29714 30  Pakistan Pakistan P .  v (R.T .G) 
22 24/4/95 29814 30  Pakistan Pakistan P.  v (R.T .G) 
23 24/4/95 300/4 3 5  Pakistan Oman P . fal G 
24 25/4/95 3 1 2/4 3 5  Pakistan Pakistan P.v (R.T.G.) 
25 25/4/95 3 1 4/4 3 5  Paki stan Pakistan P .v(R.T .G. )  
26 26/4/95 322/4 39  Pakistan Pakistan P.v (R.T .G) 
27 27/4/95 33 514 40 Pakistan Pakistan P.v (R.T .G. )  
28 29/4/95 3 5 1 14 32  Pakistan Pakistan P.v (R.T.G. ) 
29 29/4/95 3 5214 30  Pakistan Pakistan P .v (T.G. )  
30  3 0/4/95 362/4 3 5  Pakistan Pakistan P.v (R.T.G.) 
3 1  30/4/95 36414 27 Pakistan Pakistan P.v (R.T .G) 
32  30/4/95 366/4 3 5  Pakistan Pakistan P.v (R.T.G.Sch) 
3 3  3/5/95 2415 30  Pakistan Pakistan P.v (R.T.G. )  
34 1 4/5/95 77/5 30 Pakistan Oman P . fal (1500Rlml) 
3 5  1 4/5/95 92/5 30  Pakistan Pakistan P.v(R.T.G) 
36  1 5/5/95 97/5 25 Pakistan Pakistan P .v  (R.T. G. )  
3 7  1 5/5/95 1 02/5 30  Pakistan Pakistan P .v(R.T .G. )  
3 8  1 6/5/95 1 1 7/5 30 Pakistan Oman P. fal R 
39  1 8/5/95 1 48/5 30  Pakistan Pakistan P .v  (R.T .G. Sch) 
40 2 1 /5/95 1 8 1 /5 30  Pakistan Oman P. fal R 
4 1  23/5/95 2 1 1 /5 30  Pakistan Oman P. fal R 
42 4/6/95 5 8/6 3 5  Pakistan Pakistan P·ylT Gl 
43 6/6/95 9 1 /6 30  Pakistan Pakistan P. faI R 
44 7/6/95 94/6 3 5  Pakistan Oman P. fal R 
45  7/6/95 1 0 1 /6 45 Pakistan Pakistan P.y (R.TG) 
46 7/6/95 1 08/6 - Pakistan Pakistan P.y.ffi.TG.)  
47 1 0/6/95 1 32/6 30  Pakistan Pakistan P.  y (R.T G) 
4 8  1 8/6/95 228/6 3 5  Pakistan Pakistan P.y.ffi.TG.)  
49 1 8/6/95 232/6 30  Pakistan Pakistan P .faI(R.G.) 
50  1 9/6/95 242/6 30  Pakistan Pakistan P·ylTGl 
5 1  1 9/6/95 243/6 3 5  Pakistan Pakistan P.yill-.TGl 
5 2  1 9/6/95 244/6 28 Pakistan Pakistan P .y.ffi.TG.) 
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